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This  raport  has  bean  prepared  for  tiie  Advanced  Tactics 
Frojeet  of  the  08  Amy  CcsdMt  Developments  Connand  by  the 
Historical  Evaluation  and  Research  Organization.  It  contains 
the  results  of  an  examination  and  analysis  of  the  relationship 
of  weapons  ^JXl  military  doctrine  in  history  from  the  4th  Cen¬ 
tury  B.C.  to  the  end  df  ttie  Korean  War.  In  noting  the  charac¬ 
teristics  of  the  interplay  among  major  elements  of  national 
power,  the  report  identifies  and  examines  each  of  tdie  great 
advances  in  tfeapon  lethality,  considers  their  origins,  rele¬ 
vant  time  lags  in  their  application,  and  their  impact  on  the  • 
balance  of  power.  It  suggests  an  approach  to  the  quantifica¬ 
tion  of  lethality,  deriving  comparative  lethality  indices  for 
major  weapons,  aruJ  suggesting  a  numerical  relationship  between 
lethality,  mobility,  and  dispersion. 

The  report  is  accompanied  and  suppox>ted  by  tiiree  annaxeo, 
consolidatixtg  some  58  individual  papers  prepared  in  the  process 
of  the  study.  Annex  I  sunmarizes  historical  research  on  weapons 
and  their  interrelation  with  tactics  and  doctrine;  Annex  H 
deals  with  the  technological  background  of  advances  In  weaponry; 
and  Annex  HI  cemtains  several  analytic  studies  vhich  were  an 
isq>orcant  part  of  the  effort. 

The  report  first  l:.sts,  defines,  and  tersely  describes  18 
significant  advances  in  lethality,  from  the  long  Macedonian 
pike  (o.  359  B.C.)  to  the  atonic  bomb  (1945  A.D.).  Att«ition 
then  focusses  on  modem  lethality  advances  of  the  19th  and  20th 
Centuries.  Iheir  attendant  circumstances  and  their  interrela¬ 
tion  with  tactics,  organization,  and  doctrine  are  described. 

It  is  noted,  for  Instance,  that  Napoleonic  era  weapons  (flint¬ 
lock,  smoothbore  musket,  bayonet,  and  smoothbore  muzzle-loading 
cannon)  were  oea^t'J>le  with  conteni^ora^  tactics,  of  which 
the  principal  characteristic  was  the  line  of  infantrymen, 
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shoulder  to  shoulder,  end  twi  o:  tdirce  files  deep.  The  report 
then  notes  tdiat  in  subsequent  decades  a  series  of  innovations 
slwly  but  inevitably  outmoded  tactics,  organisation,  and  doc¬ 
trine  based  upon  tlie  concept  of  tills  close,  formal  line  of  In- 
fantiymen.  Mori  Important  of  these  were  the  greatly  improved, 
accurate,  lor^-range  rifle  of  the  ISSOs,  followed  by  tiie  breech- 
loading  rifle,  the  machine  gun,  the  magasine  rifle,  qulck-fir- 
i^  artillery,  and  high-ei^losive  shell.  The  report  notes  ^t 
^re  were  s^r«clable  time  lags  between  invention  and  adoption 
.  of  each  of  tdtese  significant  increases  in  lethality,  and  that 
they  were  not  can^letely  assimilated  into  doctrine  until  the 
concept  of  the  coedsat  team  was  introduced  by  tiie  Gensans  in 
1918.  The  report  notes  how  furtiier  refineiBents  in  tills  concept, 
combined  with  the  lmi»«*.'ement  of  weapons,  resulted  again  in 
coivatability  of  weapons  and  tactics  in  World  War  TL, 

Analysis  of  tills  faotiial  isaterlal  is  begun  by  examining 
the  origins  of  major  advances  in  lethality.  The  originators  of 
new  ideas  and  invoitions  are  not  divided  significantly  between 
military  sMn  and  civilians,  but  rather  between  individual  in¬ 
ventors,  on  the  one  hand,  and  a  team,  on  the  other,  witii  signi¬ 
ficant  increases  tending  more  and  more  to  be  team  efforts  based 
upon  the  fundasMuital  idea  or  ideas  of  individuals.  France, 

Germany,  Great  Britain,  and  now  tiie  United  States  have  been  the 
sources  of  tiie  significant  advances. 

The  r^crt  distinguishes  between  (a)  tiie  Mention  or  crea¬ 
tion  of  a  workable  prototype,  (b)  the  adoption  of  a  weapon  de¬ 
rived  from  the  prototype,  and  (c)  tiie  assimilation  of  the  weapon 
into  an  effective  military  system.  Invention  seems  always  to 
have  been  stimulated  by  experience  in  major  hostilities,  but 
accumulations  of  wartime  stocks  and  understand^ly  dated  atti» 
tudes  on  the  part  of  senior  officers  have  tend^  to  cause  a  « 

time  log  of  15  to  20  years  between  invention  and  adoption. 

The  report  next  examine"  the  process  of  assimilation. 

Confident  and  effective  maployment  of  tiie  weapon,  and  a  drop  in 
the  user's  casualties,  a*^  among  tiie  criteri*  for  establishing 
the  foot  of  assimilation  of  a  change  in  lethality.  Basic  pre¬ 
conditions  for  assimilation  have  always  included  (1)  ima^- 
natlve,  knowledgeable  leadership;  (2)  effective  coordination  of 
national  resources;  and  (3)  an  oppwtunlty  to  evaluate  combat 
experience,  in  the  2Ctii  Century,  tiie  second  of  tiiese  nay  be 
re-defined  as  the  existence  of  a  complex  of  research  institu¬ 
tions  and  military  staffs,  idiich  are  interccnmunlea\:lng  and 
mutually  supporting,  and  idiose  efforts  are  directed  toward  a 
common  goal.  The  report  suggests  tiie  desirability  of  efforts 
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to  maintain  the  high  leadershio  o.'alities  essential  to  the 
first  pre-condition  by  aieasiires  s  stimulate  and  enhance  mili¬ 
tary  creativity.  It  also  suggests  t3»e  need  for  improvement  of 
peacetime  testl^  and  evaluation  procedures  to  establish  a 
viorkable  peacetime  alternative  to  combat  experience,  which 
heretofore  has  been  the  third  pre-condition  of  assimilation. 


The  report  suggests  that  throughout  history,  save  for  the 
invention  aixl  demonstration  of  the  atomic  bomb  in  1^5,  the 
ventlon  of  a  weapon^has  not  of  itself  affected  the  talance  of 
power.  This  has  been  accomplished  militarily  only  by  novel 
tactical  systems  based  on  the  imaginative  use  of  nm»  or  raodi- 
fied  weapcnsi  The  effectiveness  of  such  tactical  systems,  them¬ 
selves  the  outward  expression  of  concepts,  is  much  more  apt  to 
result  from  new  ideas  than  from  new  weapons.  Almost  always,  it 
has  been  new  concepts,  rather  tham  new  weapons,  tiiat  have  per¬ 
mitted  inferior  forces  to  overcome  handicaps  in  numbers  or 
eqiilpmsnt. 


The  report  develops  a  basis  for  calculation  of  lethality 
indices  for  aU  weapons  in  history,  from  the  hand-to-hwd  U!«>le- 
ments  of  antiquity  to  nuclear  explosives.  These  letnility 
iitdices  pei^t  comparison  of  the  effectiveness  of  weapw  in 
terms  consistent  with  historical,  experience.  Use  of  these 
Indices  in  relation  to  actual  comUt 
the  Hapoleonlc  Wars,  the  Civil  War,  and  ^rld 
has  resulted  in  an  ei^ression  of  a  quantitative  relationship 
between  lethality,  mobility,  and  dispersion  in  combat. 

The  final  chapter  of  the  report  coricems  itself  wit*  the 
application  of  historical  experience  to 

problems  of  war.  It  suggests  that  study  of  national  and  ethnic 
patterns  of  military  behavior  may  permit  us  to  strengthen 
greatly  the  combat  effectiveness  and  morale  of  our  own  xcroes, 
and  those  of  our  allies,  while  slmultMveously^weakenlng  the 
will  of  an  enemy.  Considering  the  problemb  of  tactical  ^lear 
war  in  historical  perspective,  the  report  nrtres  ass^la- 
tion  tactical  nuclear  weapofts  litto  a  viable  mlllta]^  d^- 
trine  poses  unprecedented  difficulties.  It  sug^sts  how  the 
quantified  relatlonAip  between  letiiallty,,  mobility,  and  dis¬ 
persion  can  be  a  us^ul  tool  in  evaluation  current  or  pro¬ 
posed  organisations  and  doctrine  developed  ^ 

i^lear  warfare.  It  *«i«ihasixes  the  need  for  attwtion  to  three 
isDortant  human  factors  which  will  be  greatly  aff^ted  ^ 
opcxatlons  in  a  nuclear  envlronsents  morale,  survivability, 
and  leaderahlp. 


*  *  * 
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*nl  do*r\oow>nt'  of  'offoe- 
(if  i«io*«ifiOhl*)  m 
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Century  through  tha  Uth  C«itury),r«nd  Ago  of  Viohnol^iool 
Change  (to  inohido  the  13th  £r .  20tti  Centurioo). 

IHO  ty^o  of  jlndlviduol  hlotoriool  com  otudioo  «Mro  pro- 
porod  .for  ooeh  of  thOM  thtoo  (1)  OMninotlono  of  idw, 

dovolopDent  and  parfoetion  of  lapertant  waaponi*  aid  (2)  hiatorl* 
oal  analyaaa  of  tha  Intarralationahj^  of  uaapon  lattiality  w^t 
taotiea,  organiaatlon*  aid  doetrim  for  aU  iaportant  taetieal 
anataad  of  hiitory.  lha  raault  uaa  St  iidividiMl  hiatorioal  • 
oaaa  atudlas  of  varying  langtha.  m.  addition  flva  tot>leal 
studiaa  wara  praparad  to.ahow  dia  ralationahi^  Aatwaan  teionea 
and  toOhnology)  on  tha  oha  hand,  and  ua^ha  dovalopaant,  on 

WtS^Odlo*  a 


Aaalyada  of  dtoaa  aS  aaparata  hiatorioal  atudloa 
in  thraa  diffarant  oontaxta.  Pint  uam-  oeaparatiya  a 
of  affocta  of  changaa  in  uaapon  ladiall^  onvaSl  iaaaoa  rolawant 
to  tiM  purpoaa  of  dta  atudy.  A  aiidlar  ooapaivatlm  aaalyaia  uaa 
aado  of  the  affaeta  of  ohat^a  in  ailitary  orgaailatioo  aad  tae- 
tiea  on  uaapom  davalopndit.  PinaUy»  #  paeJoction  na  aad^of 
tha  «ay  in  diidi  lathality  conoapti  ooald.  aliaat  meSaar  warfare. 
A  total  of  IS.  diffarant  analytioal 


mit,  tha  baaitt  baaldMunf  aatarlal  fndddoh^^  mget 
has  baan  prapararl  oonaiata  of  aan  St  diffarant 

aid  analytioal  aabatrdiaa,.  iddab»*baoaada'  sf  tha  naad  . 
Ihr  tnaaiag  ahead  an  a  bnai  fnnt  tonaat  tha  ovar-all  atrd^ 
daadHna»»parforea  diffar  widaiy  in  traataaat,  atyla,  ae^,  and 
laaigth.  to  hava  raarfanlaad,  aittai,  aid  Baaiilliitai  thaaa 
into  an  intagratad  araap  af  noapirabla  PfMM  id  arttwn  try» 
NWt  and  oharaotar  In  thia  rapaat  naalid  iinw  rajpliad  an  affort 
in  tina,  aoapa,  and  eoeadiiiatiBn  «hM  sJai^  pM  aa^:^ 
baan  ibaaagllabid  bafora  tha  daadUna.  tlaM».htadrar,  ^  , 
baaio  data  was  awailahla  in  tha  hiatorioal  papara,  oom  though 
in  diffarant  dagrrar  of  dataU,  it  tm  joaaibla  far  MD 
Paraamont  Staff  to  oenaolidato  tha  hiatori^l'  atilltt  into 
gaina»ai,  aarprahantiwa  jhwin,.  in  iMbdi  eradit  is  .gii^  tp.  oablh 
of.  thr  oontributora.  tanidaat  the  aane  of.  oonaalldatim 
offort  has  boon  parforrad  for  thr  topSorl  and  tanalytioal  studiaa, 
■IthBajh  dtara  waa  Xaaa  naad  for  athiawing  unifaraity  in  atyte 
and  fOrast. 


This  report,  tharoforo,  is  supportad  by  thraa  idJor  annexes. 
AraMK  Z  (laaio  Rlatorical  ttudiaa)  is  a  oonaoUddriM.,  in  one 
oooidinatad,  cohaaiva  doeunant  of  tha  St  baala,  Matorioal  oa..; 
studiaa  oh  waapona  and  taetioa.  Annax  n  (ttilanaa^  fpcbaology , 
and  Waapona  Pawaloyaant  in  BistoryX  is  a  aJadlar  aonaolidation 
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of  individual  caaa  atudiaa  in  this  araat  Aimax  XU  (Conpara- 
tiva  Inalyaia  of  Hiatorical  SCudicr.  parfoxma  tha  saea  function 
in  prasanting  a  nuabar  of  tha  individual  analytical  studios  in 
consolidatad  fo»i  All  of  tha  individual  studias  theaaalvas  ara 
availabla  fov  raf aranea  purposas  in  tha  ISRD  Library  and  ara 
listad  saparataly  in  Appendix  B. 

Thia  analysis  has  largaly^aUdxMigh  not  oo«plata]y— ignored 
Russian  axparioncst  both  bofoM  and  after  tha  Russian  Ravolution 
of  3517.  this  was  not  a  dalibarata  oatission  ai^  calls  for  axplan>  - 
ation.  During  Tsarist  tiaas  tha  Russians  attasvtsd  fav;  f«»da- 
aantal  military  innovationsi  their  technology  did  not  begin  ^ 
coapara  with  those  of  Germany,  France,  and  Britain.  And  tdiuo 
a  nuabar  of  iMsons  can  be  drawn  from  Russian  exparlanoa  in  tdta 
Crimean,  Rusao-Turkish  (liiV7-lB78),  Russp-Japanasa,  and  First 
World  Mars,  most  of  these  lessons  arm  nagstiva,  or  also  aaraly 
duplidata  or  rainferea  lessons  of  ottwr  tars  more  suso^ible 
to  research  and  analysis.  As  to  Soviet  axparianoa,  iny^iga- 
tion  of  which  wo  balieva  might  prove  more  rewarding,  information 
is  both  limitad  and  soattarad;  more  time  would  have  bean  raqsM 
for  such  investigation  than  would  have  been  possible  in  tha  time 
available  for  tiiis  study.  If  any  future  axtansion  of  tiiis  study 
should  be  undartekon,  wa  balieva  that  time  and  opportunity 
should  be  providMI  for  exploration  of  Russian  axparianoa. 


Study  Participants 


Listad  below  ara  aU  participants  in  this  study  of  ’Vistori- 
cal  Trends  Relating  to  Weapon  Lattialliy,''  ineXuding  autiiora  of 
individual  studies,  as  wall  as  those  who  have  served  in  a  consuls 
tant,  review,  or  editorial  capacity: 

OwU  A.  Andarf/on,  Naj.  General,  USAF,  Rat.;  Special 
Consultant 

NarMall  Andrews,  Historian  and  journalist;  HBK)  Aaaociata 
R.  Imost  Dupuy,  Colonel,  IMR,  Ret.;  MK)  Staff  Assooiate 
Trevor  H.  Dupuy,  Colonel,  UM,  Ret.;  HBK)  mxaout^  Oiractor 
Chaster  V.  Easum,  Esmntus  Professor  of  History,  ^verslty 
of  Wisconsin;  Special  Consultant 
Stanley  L.  Palk,  Historian,  Industrial  Collage  of  the  Armed 
flaMMt  HEID  Asfloeijita 

Sidney  F.  OiTfin,  B^.ig.  General,  USAF,  Ret.,  Institute  for 
Defense  Analyeas;  ^aoial  Consultant 
Edward  S.  GilflUan,  Jr. ,  Profaaser  of  HUolear  ingiiMaring, 
LowaU  Tadmological  Institute;  Special  Consultant 
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Grace  P.  Hayes;  ISRO  Resurr'.h  Staff  Nenber  - 
Gay  M.  HaaMexMn;  HERO  Resaardi  Staff  Maaber 
TrvatNiU  Hlg^s,  Historian;  HERO  Associate 
Saauel  P*  Huntin^n»  Professor  of  Govemnent)  Harvard 
University;  HERO  Associate 
Kelvin  M*  Johnaont  Jr.»  Johnson  Guns»  Inc.;  Special 
Consultant 

W.  Barton  Laaeh,  Professor  of  Lam,  Hsrvard  University;  HERO 
Associate 

Richard  M.  Leij|hton»  Historian*  Industrial  Collage  of  the 
Ansad  Forces;  HERO  Associate 
S.  L.  A.  Marshall*  Brig.  General*  USAR*  Ret.;  Special 
Consultant 

John  A.  Mathews*  Li.  Colonel*  USAP*  Ret.;  Special  Consultant 
Benjaein  S.  Mesick*  Colonel*  USA*  Ret.  *  Professor  of  Mach- 
anical  Engineering*  University  of  Arisona;  Special 
Consultant 

Louis  Morton*  Professor  of  History*  Darteouth  CoUeget  HERO  , 
Associate 

Wlodsiaiors  Onacewics*  Lecturer  in  History  and  Coverwssnt* 
Geor^own  University;  HERO  Staff  Assooiate 
Peter  Paret*  Professor  of  History*  University  of  California; 
HERD  Associate 

Stefan  T.  Possony*  Director*  International  Studies  Ptogres* 
Hoover  Institution  of  Mw*  Revolution  and  Fsaoe;  HERO 
Associate 

Harold  L.  Peterson*  Historian*  National  Park  Service; 

Special  Consultant 

Theodore  Ropp*  Professor  of  History*  Duke  University;  KERO 
Associate 

Gunther  E.  Rothroberg*  Professor  of  History*  University  of 
Now  Mexico;  HERD  Associate 

George  C.  Reinhardt*  Colonel*  USA*  Ret.  *  The  RAN)  Corpora¬ 
tion;  Special  Consultant 

Sasuel  R.  Shaw*  Brig.  General* *U8MC*  Rot.;  Special  Consultant 
Ck^dter  G.  Starr*  Professor  of  Hist^*  University  of 
Illinois;  Special  Consultant 

Riley  Sunderland;  HDX)  Staff  Associate;  btudy  Coordinator 

Assistance  in  analysis  and  research  was  kindly  given  by  - 
Lt.  Colonel  WLUlaa  G.  Stewart*  USA*  tdw  pemdttad  hieself  to  be 
interviewed  at  length  in  regard  to  his  study  "Sfiteraction  of 
Firepower*  Mobility*  ai-4  Dispersion*  (Military  Review.  March 
19S0) . 
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Principal  credit  for  auccaaaful  eoaplation  of  this  study, 
and  for  ths  organisation  of  tills  L'p.r-  -,rt  and  its  annaxas,  is  dua 
to  Hr.  Rilay  Sunderland,  Study  Cooxcinator. 

Daapita  HBROts  gratitude  for  the  aplandidly  cooperative 
efforts  of  all  of  the  study  participants,  none  of  thsa,  individ<> 
usUy  or  ooUsctivaly,  can  ba-held  responsible. for  any  portion 
of  tiM  report,  or  its  wmexas,  other  than  as  may  be  indicated 
apeelfieally. 

As  Ixeeutiva  Director  of  HERO,  the  undersigned  assuass  full 
raapensibility  for  the  contents  of  this  report  and  its  annexes. 


HhahinftM,  0.  c. 
IS  Oetabar  19M 
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Chapter  I 


ME  MAJOR  ADVMCES  IN  lETHALiry 


Interre^tlonsldp  of  Lathalltv  and 
dombat  Eftactlvenass 


For  the  purposes  of  this  study>  the  Advancad  Tactics  Fro- 
joet  (AVIAC)  has  defined  lethality  as  '*the  inherent  capability 
of  a  ^ven  tfoapon  to  kill  personnel  or  make  materiel  ineffective 
in  a  ^ven  period,  where  capability  includes  the  factors  of  wea> 
pon  range,  rate  f accuracy,  radius  of  effects,  and  battle- 
field  n^ility**^  It  is  is^ortaitt  to  distinguish  letitality  from 
ooalMft  effeotlveness,  tdiich  has  been  assuswd  by  this  study  to  be 
ttw  probebility  of  obtaining  a  desired  result  in  combat. 

The  inherent  capability  of  a  weapon  is  not  a  simple  tiling 
to  aeaeaa*  Various  combinations  of  men  and  ideas  applied  to  a 
given  weapon  may  ooew  successively  closer  to  a  full  exploitation 
of  tiMt  inherent  capability,  yet  one  can  never  be  sure  that  a 
still  better  oombinatimi  may  not  develop  even  more  of  the  poten¬ 
tial*  Lathallty,  as  defined  by  AVTAC,  thus  comprises  a  kind  of 
matt—atioal  limit,  which  can  be  approached  ever  more  closely 
bat  wMeh  la  never  reached  this  side  of  infinity.  Combat  effec- 
tlvanese,  tiioug^  soewidtat  easier  to  visualise,  is  even  more 
difficult  to  measure,  since  it  results  from  applying  varying 
oombinationa  of  men,  ideas,  and  weapons  to  different  military 
situac-ions. 

The  tank  of  1316  was  a  relatively  lethal  weapon,  yet  in  the 
hands  of  its  users  of  1916  it  was  not  very  effective.  Poison 
gas  was  snst  effective  in  temporarily  incapacitating  individuals 
and  units  in  combat  in  World  War  I.  Yet  only  some  4%  of  tdiose 


1.  Letter  dated  July  24,  1964,  from  Maj.  Gen.  T.  H. 
Iiipscomb,  UM,  Chaixman,  AVI'AC. 
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4^  brMthad  of  It  di«d»  m  against  a  oorraaponding  flgura  of  2^, 
■ortallty  for  US  ground  troopa  hit  by  uaapon  flra  In  World  War  1.^ 
Gas  was  not  highly  lathal. 

Horaovar,  lathality  and  eoaimt  affaotlvanass  ara  not  dlr- 
aetly  prooortionata»  althou;^  oftan  parallal  in  ralationahip. 

Thus,  tita'Gansan  Aray  and  its  supporting  air  ara  in  1940  ware  so 
atfaetiva  as  to  overrun  Franca,  Holland,  and  Balgiva  and  force 
the  British  Expeditionary  Foreas  off  the  eontlnant,  aU  within 
a  space  of  six  weeks.  Yet  Allied  dcud  totaled  only  soae  120,000.3 
In  their  great  191B  offensives,  tlw  Geraans  killed  about  185,000 
Fnn^  troops,  and  killed,  wou^ad,  and  capturad  418,374  British: 
yet  thair. offensives  fail^  after  gains  aaasurod  in  a  f aw  tsM 
of  alias. ^  '  irect  oos^arisons  of  ttls  aort  aay  be  dangerous^ 
alslsading  unless  paraaeters  of  cosvarison— to  inol^tfa  considera¬ 
tions  of  tiae,  space,  and  nusters— are  established  in  advance. 

Ust  of  aU,  it  aust  be  noted  that  high  casualty  figures 
reflect  not  only  the  lethality  of  the  weapon  inf Uctlng  tiaa^but 
'  also  ths  tactics  eaployed  on  botii  sides.  In  the  ^irst  day  of 
the  HbrU  Hto  I  Battle  of  the  Soeae  the  British  advanead  in  care¬ 
fully  dressed  lines,  upright.  At  the  end  of  «iat  day  tlwv  had 
lost  60,000  aen  killed,  wounded,  or  prisoners.  One  of  ^ 

divisions  in  two  hours  lost  218  of  300  officers  and  5,274  enlisted 
aen  of  8,S00  who  had  attacked.5  The  Geraans  had  siailar  losses 
in  soae  of  their  attacks  on  Verdun.  Therefore,  in  disouscing  the 
aajor  advanoes  in  lethality  of  weapons,  it  is  necessary  to  go  on 
to  discuss  the  tactics  and  organisation  tiiot  aost  successfully 
exploited  titsir  lettiality,  and  thus  were  aost  affective  in  ooobat. 
It  is  also  necessary  to  consider  tits  tactics  aa^loyed  by  tits 


2.  The  two  figures  are  cited  only  to  show  the  real  difference 
between  gas  and  ottwn^  weapons  as  a  klUsr,  noc  as  a  basis  for 

.  statlstibsl  ooeparison.  The  reader  interested  in  the  pv^laa 
involved  in  the  statistical  analysis  of  coobat  normality  is  re¬ 
ferred  to  Gilbert  H.  Beebe  and  Ifiehael  B.  De  Bokey,  Battle  Casual¬ 
ties.  Springfield,  Illinois,  1952,  Chapter  m.  The  figure  of 
is  froa  p.  74. 

3.  Kopp,  Wsr  in  the  Modern  World,  p.  319. 

4.  Winston  S.  Churchill,  The  World  Cr^^.  one  vol.  ed. , 

How  York,  1949.  Based  on  tables  A,  B,  and  H. 

5.  Churchill,  OP.  cit. .  p.  667, 
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othtr  Sid*  to  cotuttor  lurh- 1  offsets  of  the  weapons.’  Such 
discussion  also  lays  the  basis  for  a  consideration  of  the  pro¬ 
cess  by  which  a«jor  advances  in  lethality  are  assinilated  into 
existing  inventories  of  weapons,  procedures,  and  ideas. 

Advances  in  lethality  to  this  study  are  considered  primarily 
in  terms  of  an  tofoneed  jw^^nc  of  toe  inherent  capabilities  of 
the  weapon  itself,  rather  than  of  the  casualties  it  has  inflic- 
tid.  Ihis  approato  seems  justified,  for  example,  because  toe 
relatively  utde  weaj^s  of  the  American  Civil  Mar  killed  to 
Action  21.3  smn  per  1,000  per  year.  The  comparable  figure  for 
US  soldiers  to  Wbrld  Mar  I  was  12.0,  and  World  War  II,  3.0. 

No  cne  would  argue,  however,  that  toe  earlier  weapons  were  mere 
lethal;  the  difference  to  casualties  lies  to  the  adjustment  of 
tactics  to  toe  inherent  capabilities  of  contemporary  weapons, 
dispersion  being  a  major  factor. 


Definition  of  Major  Advances 


It  now  remains  to  define  what  this  study  means  by  referring 
to  major  advances  in  the  lethality  of  tieapons,  and  inten-eiatoa 
developments  in  tactics  and  organisation.  A  suijor  advance  is 
one  that  changes  toe  nature  of  warfare.  It  is  a  revolutionary 
change,  which  be  followed  by  a  series  of  evolutionary 
chains,  with  which  it  should  not  be  confused.  Thus,  toe  Maxim 
reooil-opexeted,  telt-fed  machine  gun  was  a  revolutionary  weapon. 
Later  matoine  guns  were  better  weapons  but  have  been  part  of  an 
evolutionaxy  process.  Major  advances  of  a  revolutionary  toarac- 
ter  may  be  made  to  tactics  and  oieganisation  when  a  new  weapon 
is  assimilated,  or  whan  a  significant  change  is  made  to  toe 
esyloyasnt  of  misting  weapons.  Thus,  the  German  panser  divi¬ 
sion  of  marly  days  of  Wbrld  Her  n,  toich  showed  that  the 
tank  had  been  successfully  assimilated,  was  a  major  edvance. 

The  number  of  major  advances  in  weapons  and  tactics  in  the 
course  of  history  is  relatively  small.  Frcm  the  time  when 
Philip  of  MsQiB^n  inorrased  the  latoality  of  the  pike  and  toen 
exploited  its  oombat  effeotivaness  by  building  tdie  phalanx 


C,  Battle  Casualties,  op.  cit. ,  Table  4B.  Deaths  to  actio:, 
elimtoates  tna  mac  .oaX  questlm. 
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•MIM  It  (e.  355  to  tliA  >oduotion  of  the  atoolo  bomb, 

this  study  luL*  recognised  18  signilaosnt  developMents  in  esspons 
end  thsii  lethality. 

Listed  below  are  these  aajor  edvaneee  in  weapon  lethality, 
with  a  brief  atateesnt  of  the  aignif icanee  of  each.  Those  are 
1-tsted  also  in  Appendix  C  on  an  analytical  Chart  showing  the 
processes  of  adoption  and  assiadlatim  for  each  of  these  weapons, 
and  indicating  tdieir  relationship  to  sobm  of  the  sore  iaportant 
tactical  systeas  of  history. 

As  suggested  above,  it  should  be  eephasised  tiuit  tita 
advanbes  in  lattMlity  over  tits  oourse  of  sdlitaw  history  have 
not  been  due  exclusively  to  usapons.  Thus  we  note  that  there 
have  been  a  nusber  of  ancillary  technical  developawnts  affecting 
weapon  lethality«*of  which  individual  araxw  would  appear  to  be 
the  first  significant  sMnifestawion.  Accordingly,  in  Appendix  D 
we  have  listed  1£  of  those  developswnts  td\ldi  we  have  oonsidered 
most  isportant  in  relationship  to  the  advanesnent  of  weapon  latii* 
allty,  or  weapon  affeetivensss.  He  have  also  prepared  an  analy> 
tioal  chart  (Appendix  ]B)  to  show  when  and  how  idiesa  developsMnts 
have  been  adapM  to  ailitary  purposes,  and  ti«  sdlitary  systsus  ^ 

to  whidi  they  stay  have  oontributed.  For  oross-referenoe  purposes,  {J 

Appendix  P  is  a  brief  swsary  of  ttm  suijor  tactical  systses  of 
history  referred  to  in  Appondioes  C  and  E. 


Major  Advonoes  in  HstPon  Leajility 


Aoe  of  Muscle 

1.  Macedonisr.  sarissa.  Lengthensd  by  oi^er  of  T^hg-PUlip 
shortly  after  i.crso  idiat  it  was  appreciably* longer  thaii\^ 
contsivorary  pikss.  It  wes  used  in  ld>e  phalany..  an  organisation^^ 
of  4,096  trained  professionals,  oaployed  with  outstanding  suc¬ 
cesses  by  Philip  and  Alexander  sooevdwt  like  a  lodem  division. 

2.  Short  sword.  A  heavy  weapon,  two  feet  long,  the  Renan 
short  sword  was  S^ed  about  250  B.C. ,  priearily  to  timist  inf-o 
the  vital  organa,  causing  either  instant  deadi  or  fatal  iitfeeti>ui; 
its  weigdit  end  breadth  also  pemittad  its  use  as  a  hand  axe. 

Renan  swordsnen  were  orga:'.ised  into  snail  units  of  120  nan  each. 


7.  As  suggested  in  Annex  m-D,  the  process  nay  have  been 
inverted. 
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deployed  in  battle  in  a  flexit?  ^  foreiatlon  that  twe  prepared  on 
short  notice  to  aove  or  fight  at  ai^  point  of  the  compass,  with 
each  soldier  fighting  as  an  individual,  but  so  trained  that  by 
his  efforts  he  was  an  element  of  a  coordinated  fighting  machine. 
These  units,  plus  light  infantry  and  cavalry,  formed  ?.  combat 
team,  the  leolon.  some  4,500  men  scrong,  again  roughly  oompar- 
able  to  a  modem  division. 

3.  Btigliah  lonobow.  Melsh  hiUmen  before  1200:A.D.® 
apparently  developed  a  longbow  made  of  yew-wood  that  could  ^ 
fired  rapidly,  end  reputedly  could  drive  its  arrow  through  four 
inches  of  oak.  But  men  had  to  train  from  cldldhood  to  use  the 
weapon  effectively.  Although  it  was  a  significant  increase  in 
lethality  over  all  otliei*  European  hand-bows,  it  was  in  fact  not 
much  more  inherently  lethal  Oian  the  slower  firing,  somewhat 
clumsy  crossbow,  which  appeared  in  Europe  about  a  century  before 
the  i^bow  ties  adopted  ^  the  English.  The  longbow  was  not 
significantly  effective  in  ooeibat  until  tite  English  kings 
Edward  1  and  his  grandson  Edward  XU,  used  longbowaen  in  great 
nvSbers  to  provide  a  base  of  fire  for  defensive-offensive  tac¬ 
tics  in  which  bowmen,  light  and  heavy  infantry,  and  small  parties 
of  elite  armored  cavalry  operated  in  close  and  disciplined 
cooperation. 

4.  Mongol  bow.  This  was  a  quite  different  kind  of^.  of 
the  reflex  ^le^,  and  about  as  long  as  Mm  Bngl^  longbow, 
built  up  from  horn  and  wood,  and  fir^  from  horseback  by  mn 
trained  from  childhood  to  ride  and  shoot.  Oroupsd  undw  ^ 
sophistisatsd  command  and  oontrol  system  davalopad  by  Janghis 
Khan,  guided  by  first-rate  intalliganoa,  and  us^  in  oooxd^- 
tion  with  more  heavily  armored  Isneers,  Mongol  bows  wna  signi- 
ficantly  mors  affective  than  any  weapons  Mmy  snj  the  Mwgoi 
forces  were  virtually  invincible  during  most  of  the  IStt  Century. 


Gunpowder  by  itself  is  ::)eraly  a  sdJdly  dangerous  axp^ive. 
It  was  known  in  Europe  jy  1250.  It  was  bO  to  75  years  before 
someone  discovered  how  to  make  it  lethal  by  oonfute  ^ 
ignitl^  it  in  an  open-ended  tuba.  The  full  assimilMion  of 


8.  There  is  evidence  that  a  full-scale  prototype  of  the 
longbow  existed  in  Egypt  nearly  3,000  years  bsfora  Mm  Christ la.n 
era.  There  is  also  some  quiistion  of  the  Mslsh  origin  of  the 
English  bow;  it  may  have  been  developed  in  England. 


o 


gunpowder  toA  nearly  400  eore  ytistv. .  but  by  the  middle  of  the 
151^  Century  gunpowder  wsepons  twru  clearly  demonetrating  a 
potentially  significant  increase  in  lethality. 

5*  The  first-  cannmn.  By  1326  A.D.  gunpowder  was  being 
used  to  hurl  small  missiles  at  castle  .gates.  The  device  it  was 
fired  from,  however. crude,  was  a  cannon  and  made  gunpowder  lethal. 

Ic  was,  therefore,  tite  fundamental  jump  to  lethality  for  gunpowder. 

6.  Arquebus.  About  120  years  later,  tiM  first  reliable 
hand-gun  tMS  invented.  From  it  the  matchloek  arquebus  tws  deve¬ 
loped  by  the  middle  of  tiie  15th  Centwry.  Its  slow  rate  of  f^ 
offered  real  problems  to  the  user,  «dio  was  both  ineffective  and 
defenseless  wfiile  reloadin?.  Solution  of  the.se  problems  was 
sought  in  a  cosibihatimi  of  (a)  protecting  thd  vulnerable  ar(^- 
busier-  by  formations  of  pikemen  and  (b)  having  arquebusiet«  form 
in  files  ten  deep  to  fire  in  turn,  each  non  countermarching  to 
the  rear  to  reload.  This  tactical  solution  was  best  exemplified 
in  the  so-called  *SpMish  aquar#  (early  ISOOs). 

7.  Weapon  ieorovsments  of  Gustavus  Adolehua.  The  improved 

and  more  leml  weapons  introduced  by  this  king  were  a  major  ^  ^ 

element  in  his  generally  reformed  military  system,  whose  tactical 

and  organisational  dung  ^s  were  the  foundation  of  Burc^aan  milir 

tozy  practice  for  ttm  nuct  three  centuries.  .By  issuing  cartridges 

(first  large  scale  employment  of  an  idea  developed  mudi  earlier) 

he  sharply  increased  dw  rote  of  fire  of  musket  and  cannon.  TO 

exploit  increased  infantry  fiMpower  he  initiated  linear  tactics 

by  forming  his  soldiers  in  a  shallow  line  rodier  ttan  the 

relatively  deep  mass  of  thm  Spanish  square.  To  ej^loit  increased 

artillery  firepower  he  lightened  tubes  and  carriages,  and 

isvroved  artillery  organisation,  providing  a  significant  increase 

in  tactical  mobility  and  efficiency  over  previous  contemporary 

practice. 

8.  Flintlock  i«d  ^yonet.  This  combined  a  si^vler,  more 
reliable  gun  WftK  a  hond-^hand  weapon  that  made  the  gun  letdial 
even  after  it  had  been  fired.  Introduction  of  the  ring  bayonet 
ended  the  long  transitional  r«riod  in  gunpowder,  since  pikemen 
were  no  longer  needed  to  protect  the  soldier  with  an  unloaded 
gun.  Becoming  general  in  Europe  about  1700,  this  combination 
remained  standard  until  wsll  into  the  next  century,  i.e.,  about 
125  years.  Linear  tactics  and  smoothbore  cannon  wore  perfectly 
matched  to  the  inherent  lethality  of  tiie  flintlock  and  bayonet. 
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Ao«  of  T«chnolocrleal  Chiw 

Th«  WMpont  of  poriod  at  a  group  eonatituta  a  quantum 
jump  in  lathallty  ovar  thalr  pradaeaaiora  of  tha  Ago  of  Gunpow- 
dar.  Slnoa  thay  aara  introduoad  in  ralatlvaly  nodam  tinaa,  with 
battar  racorda  availabla»  tita  eireunataneaa  of  tiiair  invantion 
and  of  ralatad  davalopawnta  ara  much  elaarar  and  land  tiianaalvaa 
noia  r.adily  to  analyaia. 


9.  l$na?zaim«  hiah-valoeltv  rifla  bullat  (1B491.  Known 
ooaaMily  MinU  KU,  Saa^ebnoUal^^  from 

a  aaiaala'laadinf  rifla  tiiat  waa  diaohargad  by  a  waathar-proof 
parouaaioh  oap,  had  an  affaetiva  ranga  aqual  to  tiiat  of  eontan- 
porary  aaoodd»ra  oannon  and  waa  oonaidarably  nora  aceuratu 
than  tha  old  flintlook.  Iha  prinary  Infantry  waapon  of  tha 
haarioan  Civil  Hhr,  It  oaaaad  noat  of  tha  eaaualtiaa  in  that 
war  and  ^nitiatad  a  rawolwtionary  raadjuataant  in  infantry  tac- 
tiea.  TIm  adjuataantf  howawac,  pMoaadad  ooagarativaly  alowly. 


fruift-jilillli  Ifm  fmt)  pamittlng  tha  uaar 
MnaiMSnH^  anTSaing,  thay  aada  tt»  awasla* 


Ifl.  _ 

to  Ua  prana 

loadar  obaolata.  Tha  idaa  waa  not  now,  ani  wotUbla  pretotypas 
had  baan  in  uaa  nata  than  a  aantwry  aarliar.  Maaa  adoption  fm 
all  infantry  oaaa  firat  in  tha  Prwaaian  any  in  IMd,  althoMh 
tha  *<naadla  guaP  waa  nat  unwailad  tmtil  tha  Paniah  Nhr  aflM4. 


11. 

tha  data 

uaad,  hewavar,  far  tS 
ravaalad  thaaaalwai 

aa  olaarly  awpariar  ta  tha  oli-aQfla  ffanoh 
Sharply  incraaaad  raaga  and  rata  of  f  ira 
aera  labial. 


Thia  la 
nat  widaly 
thay 

(in  daman  handa) 


aignifioantly 


12.  Waxia  naahina  mn  (IMl).  Thia  balfe-fad,  raooil- 
oparatad  waapon  ia  tna  paatatypa  af  aadarn  autaaatio  waagani. 

In  Hoaid  War  Z  tha  naahina  gun  prawad  to  ba  ona  of  tha  aoat  aig* 
nif  ioant  of  all  advanoaa  in  lotiMlity  ainaa  tha  intradwetion  of 
gunpowdar. 


IS. 
f  iUod  vi' 


Light  artiUory  ahalla 
preduoa  rathar  naro  than  1,000 


_ _  _ _ _ 

iathal  framaiita  20  faat  fron  tha'^int  of'^bwrat.  ^  old'&laek 
powdar  ahall  of  tha  Aaorioan  Civil  Mar  produoad  only  fxan  two 
fiva  fragnanta;  Pruaaian  ahalla  in  ttm  Franoo-Pruaaian  War  brok& 


0 


IS 


into  as  many  as  30  fragments.  Thus  on  fragmentation  alone »  high> 
explosive  shell  tsas  theoretically  .‘'TOO  tines  as  let^l  as  black- 
po^er  shell. 

14.  Bolt^oeratyi  magazine  rifle  (e.  1B95).  There  hid  been 
numerous  magasine  rifles  in  various  armies  for  nearly  half  a  een> 
tury,  but  tiie  vastly  improved  Mauser  became  the  prototype  of  tdie 
b'jandard  infantry  r:Lfle  of  the  world's  armies  on  into  Vtorld  Her  II. 
The  principal  factor  increasing  lethality  was  great'y  increased 

ate  of  fixe.  Outstanding  was  the  American  Springfield,  M1903. 
Largely  for  finaiicial  reasons  these  rifles  were  slow  in  being 
superseded  by  the  semiautomatic  rifle,  nearly  half  a  century 
later. 

15.  Tank  (1916).  The  internal  combustion  engine  driving 
an  endless  track  madle  it  possible  to  give  cross-country  nobility 
and  armor  protection  to  machine  guns  and  light  cannon.  This 
made  than  significantly  more  lethal  than  unprotected  horse-drawn 
or  man-carried  weapons.  The  tarik  %ias  a  HMdMnical  step  toward 
solving  the  tactical  stalemate  created  in  Wbrld  Usr  I  by  the 
recent  previous  advanMS  in  lethality. 

16.  Fl^y-bom^  (1917).  This  aircraft  introduced  new 
dimensions  or  llex^hbillty,  Tmtg%t  and  reaction  time  to  Idle  pro¬ 
blem  of  putting  a  relative:^  ler^  projectile  (or  madiine-gun 
bullets)  on  a  point  target.  (Also  note  that  medium  and  heavy 
bombers  could  be  used  on  tha  battlefield  on  an  ad  lyc  basis. 

The  German  Stuka  dive-bomber  was  a  briefly  successful  freak 
early  in  Wbrld  Whr  H,  rather  than  a  significant  increase  in 
lethality,  because  the  environment  could  be  made  too  effectively 
hostile  to  it.) 

17.  Ballistic  missile  (1944).  By  its  range,  all-weatdier 
capability,  and  relative  imperviousness  to  countermeasures,  this 
German  invention^  (unveiled  in  1944)  greatly  increased  the  letdi- 
ality  of  its  vwxhead.  It  was  the  prototype  of  a  whole  fasdly  to 
which  tactics  and  organisation  are  still  responding  and— if  only 
because  of  its  quantum  jump  in  range— constituted  a  significant 
increase  in  lethality. 

18.  Atomic  bomb  (1945).  In  part  because  its  first  use  in  " 
strategic  I  mbarcMnt  was  universally  publicised,  and  its  leth¬ 
ality  generally  ai^reciated,  tills  weapon  has  been  unique  in 


9.  Based  largely  u]^on  theoretical  rocket  developments  pio¬ 
neered  by  an  American,  Robert  H.  Goddard  (1882-1945). 
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forcing  diangu  in  taetiet  «r*  C'^aniaatlen  oyon  tiwudh  it  hM 
novar  baan  uaad  tactically  in  bawtla.  lha  adequacy  of  raaponaas 
to  nuclMv  Moapona  ia  pwhapa  tlia  Mat  awiotta  oiUtary  ptoblaa 
of  tiils«  or  any  pravioua  aga* 
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fluammiiit  ?****>**  ^IBKM  211$ 


■y  th«  elOM  of  tho  ItopolMnio  ^ 

of  tht  bottUfiold  mf  «4»o  ofl«b4n«tioi»  of  f Xlattock  m4  boy^ 
onot*  OUBOOStOd  by  MMOfeMMM*  OUBOlO»lBOiiOy  oomon*  COMIM 
hod  MriMSTou^iorlty  In  xongo  ovor  ^ 
obly  infUetod.noorly  ho2f  tlio  onoooXtioo  ^  mM* 
ot^  fOBMd  in  lino  to  4oM»  or  to  *rJS5?» 

ss  Jss.r^ss^'W  ~  .Kr^r^- 

■'*^1SAISS2S4L‘3^^ 

Md.SflS  fat  loooM  In 
lioni  Kt  Miyootitoly 

_ _ _  vnl(owi*o  intor  Inoio- 

_ tolownno  of  ,  ooltor  ottA 

blon  drown  tho  eootoXty  lotoo  «t  AoiflV  to  1*  ^  **• 


durlnf 


M^olnoot  ooouoity  rotoo  foil  , 
lovoliitlonoBy  porlod.  Shit  wtli 
boon  otroch  aotwoon  tho  lothnliBf  of 
offoetlvonooa  of  Unoor  toetloo  by  non  oo 


of  tho  rooMh 

•  bOlMOlMd 


Tho  Nonloon  Hhp  too  tho  loot  fotiht  by  tho  IS  tony  tlth 
•Mothboro  naokoto  mA  limor  toetlea  o|^  b  olfdlo^^^fectrlno. 
Cooiwlty  oxporloneo  thorn  bofon  «  olpdflooiie  oMrytW 


ID.  Oilbort  W.  fcabo  ond  Miehaol  I.  »o  . 
»  tprlniflold,  UUnolo,  IfSt.  SiM  4.  loco. 
‘  fiaSU,  ond  net  olnfl*  flpowo»  oo 
Hoto  oloo*  ti400  do  not  Inol^  tooiM,  ‘ 
S.S  tlMO  00  nonooeto  oo  thooo  blllnd  in  Aotlon. 
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Mtxiean  tte 
Civil  tte 

WIXII 

Sbutii 

Sptnish  tte 

Riiliwin*  Xhaurraction 
Mwld  iitt  1 
Morld  Hto  n 


•xlltd  in  Action 

p»  1.000  ptr  V— g 

3.9 
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dot*  data  inooaplata) 

1.9 
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■Mrtrt.  nua  ««a  tha  standard 
M  by  North  and^Oeubh  in  tha  Civil  Nhr,  and  it  «aa 
latt*^  at  lonjop  rangas  tiian  eaniatar  or  aidiaalnal  oaaa  ahat 
f land  fron  contangoNry  cannon,  telld  shot  and  shall  faan 
aMotnaem  cannon  could  raaoh  aa  far  aa  eonoldal  bnllat  from 
tha  riflatMakot.  But  oontanperary  ahalla*  if  than  hurot.  hioha 
iiM  only  too  to  f  ivo 

•!»*.  tha  mlatlan  of 
inttal  capaMlitv  hatwaan  infancy  manana  and  artUIary  had 

•  ttfttit,  of  a  anafla  grout  S  Md'fllO  Civil 


War  naawaltiaa  the  oauaia  uarot 

Ccnoidal  rifle  bullet 
^Bthbera  nuakot,  round  baU 
Shall  fiopaonta 

£«»*•*•»»  graga,  and  oannen  ball 

Bxplaaiva  buUats 

Edfod  waagena  (neatly  sabers) 


O 


10f»000 
lf,000 
12,M0 
399 
199 

pi  suanary,  saaU  ama  (neatly  riflaa)  eaaaad  •«  of  tha 

casualties,  cannon  oauaad  S96,  and  edged  uaigom  cMsed  flk 

Bo«i  aides  used  linear  tactiee  during  the  Civil  «hr.  On 
aany  eecaaiona,  neat  notably  uhen  fighting  over  brehan  gnund. 
ypoga  neuld  agentaneeualy  bra  It  into  little  freiM  and  fdaht 
another,  let  to  attack  ar  defend,  nan  wSd 
be  feiinad  in  lines  of  two  or  three  rankat  to  weidht  an  attMh. 

«nethar  toMSTtrLTSlMn. 
as  in  Nagelaen*a^.  The  >-eaulting  iahalanea  batwaan  infantry 


11.  Wt  , 

Thenaa  L.  llvameae, 
aity  of  Indiana,  195^7 


greater  than  Unian  laaa  figareai  aaa 

in  Cii^  hhr.  Oaivep. 


o 


wmpom  0f'gtMt«  potential  latha^^ty.on 
battar  tuitad  to  tha  waap«t»_o£  « 


parabla  to  MapolaonU  bloodirat  battlaa.  ^JaS  Slol^X 

howavar*  ti>ara  aaa  a  elaar,  altlioui^  aJow,  trand  toward  dlaparsa 

Proa  M66  on  In  aaatam  Buropa  22 

atandard  laaua.  tha  lneroaaad_  rata  of  f ^^aa«a^te^MMa  eo** 


offMslvt—lMd  co^c>l*t«ly  •itrMd  the  situation  and  made  no 
adaptation  of  thair  infantry  taeti"  baeause  of  autonatio  weapons 
and  hlQ«i-exp3osive  shaU,  although  they  had  devoted  much  atten¬ 
tion  to  Isq^^ing  the  quality  of  their  artillery. 

As  a  result  of  only  percial  recognition  by  the  Geiaane  of 
the  defensive  power  <rf  the  coabination  of  earthworks*  nathiM 
jvns,  and  high-explosive  shell*  and  the  even  greater  lack  of 
ooaprehenslon  by  their  Allied  opposite  nuabars*  titare  was  a  tac- 
tieai  stalaaate  on  the  Mestem  Front  for  tdtree  years.  FOliticsal 
and  strategle  prassuras  interaotad  wltdi  this  ineowrriMnsiOT  to 
cause  five  aajor  Allied  offensives  to  the  Oexasns*  one;  all  Mlled 
priaarily  on  frontal  assault  behind  aassive  artillery  barrages. 
Allied  casualties  were  astrononical*  witii  little  to  show  for  tnea, 
although  Qeman  losses  were  also  very  heavy. 

Both  sides  sought  ways  to  end  the  staleaata  and  to  ctrt  ^ 
cost  of  tha  unsueceesful  efforts  to  break  it.  The  Franco-Brit^h 
solution  was  at  first  siaply  aeduuiiMl:  «»a  taidc.  Iha^  decision 
aakers  ware  %dlling  to  adki  the  tartk  ‘to  tiMir  inventory*  but  not  to 
change  taetios*  dootrina*  or  organisation,  tha  (tereans  decided  to 
change  tactics*  organiaation*  and  doctrine*  but  nissed  Urn  poten¬ 
tial  iaportance  of  tlhm  tank. 

In  fairly  rapid  succession  the  Gensans  Introduced  iixft  tha 
triangular  division*  and  ttmi  cobhat  teans  built  around  a  base 
of  fire  and  a  eanauWing  elesent;  and  acting  in  taotioal  ind^ 
pendance  but  stratagio  coordination.  In  uaing  asdiina  gtm»  tm 
•ortars  for  an  offonsive  base  of  fire*  ttis  systen-was  the  first 
fully  to  assieilats  autoauktio  weapons  and  hiflh-«9loeive.  th^ 
taetios  were  able  to  overcoao  tha  Allied  defenses*  and  in  1910 
to  seka-aajor  breakthroughs—diidi*  however*  thsit  logistics 

not  mvpsvt*  ^  isgortance  of  these  new  tactical  davsl^ 
rents  was  recognised  by  the  Allied  side*and  they  wore  appliat*  ^ 
COM  by  then*  vrith  t.ie  av.dad  advantage  o£-  the  tank*  which  fitted 
perfectly  with  the  rven:  'vsctics. 

The  lessons  of  1918  were  subsaqtwntly.  exasiinod  by  all  Oreat 
Powers;  but  Oemany*  witti  a  thorouidi  research  erforc  into  past 
expsrianee  and  current  tedev  logioal  advances*  backed  by  ads^ats 
f  inaneial  svmnert  fron  the  govsrnswnt*  auda  audi  nors  effective 
advancss  between  the  Vsre.  Basing  their  new  tactical  systsn  open 
the  infantry  ccabat  teasi  concept  tt»sy  had  developed  in  1917-1918* 
the  Gensan  nilitary  planners  elaborated  the  ooncept  by  using 
amor  in  awss  (while  teaadng  subunits  of  amor  with  subunits  of 
infantry)*  and  by  providing  radically  isgroved  tactical  air  sup¬ 
port  to  suppleaent  and  (if  necessary  in  nobile  warfam)  supplant 


c 


«rtillny.  A  flixibl?.  dee*ntTcli««d,  coa»and  syatm  pemitted 
taking  full  advantaga  of  tha  flaxibllity  of  such  eoabinations. 
With  this  doctrlna,  tha  tartk  and  flghtar-bombar  may  be  said 
to  have  bean  fully  aasiailKtod  incs~iand  warfara. 

Following  tha  Garaan  innovations  of  1S1S»  infantry  daploy- 
aants  opanad  up  for  tha  third  tiaa  sinca  tha  h^gun  first 
baeaaa  an  affaetiva  %«aapon  on  the  battlafiald.^  Tha  lina  was 
now  raplBcad  ^  small  teams  of  man*  combining  firapcwer  in  tanas 
of  air  and  artillery  support.  Making  full  usa  of  surprisa, 
covar«  and  tactical  mobility*  tta  taama  could  saturata  a  small 
portion  of  a»a  dafwisa  systam  with  fira,  axploiting  tha  dafansa^s 
problems  of  judgmant  and  reaction  tisM  by  a  combination  of  msss 
(essentially  massed  firepower)  and  manauvar. 

These  new  infantry  concepts*  pionaarad,  by  tha  Germane  in 
ISIS*  and  brought  to  full  devalopmont  by  intagratibn  with  armor 
and  air  in  thair  blitskriag  tactics  of  1939>1940*  ware  not 
materially  changed  durang  &ta  course  of  Marld  Mar  H.  They  ware 
amballishad  and  mciifiad  to  soma  extant  in  tha  two  princ^l 
variatias  of  intarsarviea  task  force  oparationa  which  contributed 
materially  to  final  AUiad  victory  in  tha  war.  Tha  first  of 
these  was  an  Anglo-American  adi^wtien  of  Oarmsn  pionaarim  air¬ 
borne  efforts.  Tha  second  was  ^  Inglo-lmerioan  perfection  of 
aagihibious  assault  tadini<|tias.  Fundamsntally*  howswar*  despite 
a  considerable  amount  of  independent  and  parallel  davel^ment* 
these  intarsarviea  task  force  concepts  ware  tadmieal  adaptations 
of  the  basic  German  combat  team  tactics. 


12.  The  praviouf  times  having  bean:  (1)  tha  linear  syster.' 
of  Ouatavua  Ado^hus  and  (2)  the  gradual  diaparaal  forced  by 
firepowar  in  the  Civ.'l  Wsr*  Franco-Prtissian  War*  and  Xusao- 
Japanaea  war*  without*  however*  changing  linear  concepts. 
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Chapter  HI 


nRTRTMS  OF  MVJOR  hOVMICES  IN  LETHMiHy 


C 


Basis  of  Analysis 

The  analytic  portion  of  this  study  is  pristarily  basad  on 
daveloeaients  in  modem  times,  beginning  wit*  first  stepe.  m»y 
from  the  old  flintlock,  in  the  18308.  Jxi  earlier  day*,  err¬ 
ing  major  adv&nces  in  lethality  and  assimilating  titM  was  ttte 
«iork  of  individuals,  %*08e  appearance  was  in  large  measure  a 
natter  of  accident.  With  t*e  19th  Century,  industrial,  mili¬ 
tary,  research,  and  administrative  institutions  began  to_ 
emerge  in  the  several  Great  Powers  of  Europe  and  in  Mort* 
America  which  could  exploit  the  “greatest  Inventto^of  w 
Witvtteenth  Century  .  .  .  the  invention  of  the  metitod  of  inven¬ 
tion.*^ 

New  interest  in  research,  and  communication  hetw^ 
various  Institutions  engaged  in  it,  made  it  possible  fw  aiH- 
tary  thlidms,  as  nov«r  bttore,  to  take  advantage  of  the  sci¬ 
entific  and  technological  changes  that  began  to  ccme  ever 
faster.  Thus,  beginning  in  the  mld-19th  Century  major  ad¬ 
vances  in  weapons  lethality  and  in  tactics  and.  organizations 
which  could  best  exploit  them  were  closely  llrkedjwith  changes 
in  science  and  technology,  althougii  for  much  of  the  century 
military  developments  lagged  far  behind. 
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13.  Alfred  North  Whitehead,  Science  and  the  Modem  World. 
New  York,. 1948,  p.  141. 
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Til—  of  Origin  of  i:.x-V  ’  Advances 
in  Letimlltv  Slnct  1830 


IhedatM  of  origin  of  the  eignif  leant  advances  of  the  Age 
of  Technological  XRnwation  are  curiously  bunched.  The  conoi* 
dal  rifle  bullet,  an  effectlv  breech-loading  rifle,  and  breech- 
loading  rifled  field  artillery  appeared  between  1841  and  1849. 
The  Modem  machine  gun,  the  hlgh-exploalve  shell,  the  Mauser 
bolt-operated  stagazine  rifle,  ^  jokeless  powder  and  quick-fir¬ 
ing  Modem  Cillery  appeared  between  1883  and  the  Mid-1890s. 

The  tahk  and  fijiiter  boHber  appeared  in  a  two-year  period, 
1916-1917.  Atdia  b^dab  and  bulllstic  Missile  were  introduced 
within  a  year  of  /each  other  in  World  Mar  n. 

The  first  two  groups  of  significant  advances  no^  above 
were  conceived  in  peacetime.  Notewordiy  progress  was  .apparent 
for  an  itesi  of  each  group  about  IS  years  after  the  end  of  pre¬ 
vious  najer  hostilities.  Workable  models  of  all  appeared  in  a 
group,  as  noted  above.  The  explanation  nay  be  tiMt  Major  wars 
have  left  both  budgetary  problSMS  and  a  sort  of  apathy  in  tftelr 
MSke,  whioh  take  an  appreciable  as»unt  of  tine,  on  tiie  order  of 
IS  years,  to^disappear.  Then  people  with  tine  to  tdiiikk  begin 
to  produce  idiongos  in  established  practice  on  tite  basis  of  war¬ 
time  experienoe.  How  long  it  took  amed  services  to  purchase 
theae  davalopMnts  and  then  to  assinilate  them,  is  another  pro- 
blaa,  to  be  eonsidei^'below. 

The  latter  two  groups  of  increases  in  letiwlity  {turk  and 
fightar-taafesr,  balliatic  nlssils  and  atomic  bomb)  were  wartime 
dsvslof  cuts,  Sn  each  ease,  the  basic  concept  originated  in 
pisestlais  feat  the  impetus  to  develop  tdte  device  was  lacking-un- 
til  national  danpor  supplied  both  the  overriding  need  and  the 
resoureas.  the  Ametro^ihinpirian  Ksay  of  I9Il  down  a 

workafela  tark;  it  is  oertain  that  the  US  Congress  of  the  inter- 
war  yeaM  would  net  have  voted  billions  for  the  NMHATTAN 
Project. 


Identity  of  Orininators 


If  one  considers  frow  what  types  of  individuals  signifi¬ 
cant  increases  in  lethality  have  cone,  the  lines  of  division 
seaai  to  fall  not  between  lailitary  and  civilian,  but  between 
individuals  and  groups,  and  between  private  agencies  and 
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14  major  pr(A:lMi  of  obturation-"Or  saalin? bwach- 
loft.i1ng‘MMp«\-»had  bMn  solvad  aaniar  by  the  introduction  of 
self-contained,  metal-caeed  cartridges. 
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government.  Both  the  typee  of  ^ 

seem  to  be  important  in  drawing  r’v 

men  associated  with  the  th^M 

liana,  arid  worked  essen-ially  as  individual, 

were  a  significant  number  of  military 

Because  of  the  foundries,  laboratories,  •*'* 

machines  required,  ikajor  deveto^s  in 

oamunition  were  sponsored  by  private  aanufa^ugwe  to  Great 

Britain  and  government  arsenals  in  Prance  and  Gernwy.  The 

actual  inventions  affecting  ^iUery  and  ^ 

large  extent— but  not  «“l“*i''ely— associated  wjtr.  t^  wrk  of 

civilian  technicians  and  chemists,  mostly  in  the  large  private 

or  government  smnufactories. 

Up  to  1900,  the  principal  probleiM  involv^ 
weapons  had  been  those  of  welgh^.  s^e,  .^blMS* 

range^,  fusing,  fragmentation,  and  feouracy.^'^ 
centuries  old  and  well-known. 
no  ease  of  a  government's  placing  a  requirement  that 
these  weapon  deficiencies  be  solved.  When  advanc^  twh- 
mIS,  tt.  pcttUlty  of  .  .olotlj.  .» 

wouW  eventually  see  the  opportunity,  would 
and  then  offer  it  to  the  government.  O'* /oj* 
arseitals  in  this  process  was  distinctly  minor,  limited  to  a 
few  artillery  developments.  The  classic  pictuM 
the  inventor  trying  to  sell  his  nm  discovery  to  a  govern- 
ment  agency.  That  a  government 
produce  new  and  more  lethal  weapons  is  decidedly  new. 

In  World  VJar  I  the  process  of 

S2k  •b.xSSte’.SS:;,  Sib  OU  fir  ^ 

case  they  were  made  into  weapons  through  major  o*'® 

more  Ja^rment  agencies,  with  both 
cipation.  The  shift  was  from  small 

governmental  agency.  That  i»»  “P  ^»*aon^ina 

firm  «»ould  have  seen  opportunity  or  need  and  d»®  somew^ 

a^  it.  Beginning  with  the  idea  of  a 

vSSle  in  t^  faU  of  193  ’/  the  subsequent  process  has  largely 


'  / 


o 


(but  not  antiroly)  boon  for  scMono  in  govtmnent  to  sm  a  nead 
to  gat  anough  support  from  his  sypsL  'ors,  and  to-  initiata  a  pro- 
eass  that  rasults  in  placLig  dananub  on  privata  industry.  Both 
military  and  civilians  ara  usually  involvad  at  avsry  stags. 

By  nation,  most  of  tha  pra-1914  innovations  divide  almost 
l^anly  among  tha  thraa  industrialisad  Great  Powers:  Franca, 
Gai^y,  and  Great  Britain.  Hiram  Maxim,  tha  inventor  of  the 
wj.ciam  maehiM  gun,  was  an  taarioan,  but  it  is  significant  of 
0*  th*  times  in  tha  United  States  that  ha  mov^  to 
0»«at  Britain  and  did  his  work  there  in  connaetion  with  tha 
grMt  Viekan  arms  manufactory,  lhasa  three  powers,  vary  con- 
scloua  of  their  need  for  affective  arms,  possessed  of  advanedd 
technologies,  and  wl«»  relatively  aeplo  budgets,  offered  tiie 
Ust  prMpeets  to  inventors  and  manufacturers.  Jtfter  1917,  the 
United  States  Joined  ttls  group  and  has  since  token  the  lead. 


Stages  in  Introhieing  Major  Advances  In  UttMOity 

I 

I 

In  every  ease,  the  idea  of  an  advance  came  far  ahead  of  the 
develotment  of  a  workable  device.  For  instance,  Uonardo  da  rv  I 

Vinci  thought  of  ^  tank  and  the  airplane  some  490  years  before  kJ 

they  could  he  buUt.  B:9*Pheants  were  tried  with  breeeh*loading 
cannon  and  explosive  shell  in  the  same.period. 

With  the  coming  of  the  Industrial  Revolution  it  became  pos¬ 
sible  to  build  all  of  these  innovations  and  then  to  improve 
significantly  .upon  them.  The  interval  from  edneept  to  prototype 
to  item  of  issue  also  shrank  progressively  in  keeping  with  the 
ever  faster  rate  of  technological  progress.  Aus,  fra  the 
first  breech-loading  cannon  to  a  safe,  practical  model,  took  at 
least  40C  years.  Fra  Ais  cannon  to  the  "French  75"  took  51 
years.  Fra  the  first  flight  of  a  tiny  model  aircraft  in  1795 
to  the  Wright  Brothers^  aan-ea:^ing  model  in  1903  the  Interval 
was  108  years,  and  fra.thm  to  the  fighter  bomber  in  1917  an¬ 
other  14.  Techiwlogy  now  provides  a  stodk  of  knowledge  Aat 
permits  a  faste.^  and— thus  far— accelerating  tKuUilation  of  As 
idea  for  a  weapon  into  the  tiling  itself. 


H  O 


Chapter  IV 


THE  MSaULMlOlt  OP  SMMlPlCMir 
jffitfMreg  TM  txmkVPiv 


It  is  nscessary  to  distinguish  clsarly  ssangt  (1)  sMking  a 
%N>xkable  prototype  weapon  that  aarks  a  significant  increase  in 
lethality;  (2>  its  adoption  by  arasd  forces;  and  (5>  its  assiai* 
lation,  i.e.,  adeqjuate  reflection  of  its  capabilities  in  tactics, 
doctrine,  and  organisation. 


Mootiont  The  First  Step  Toward  hssieilation 


The  invention  of  a  workable  weapon  tdiet  can  pcovide  for  a 
significant  increase  in  lethality  has  not  in  idle  past  guaranteed 
either  that  it  will  be  proeptly  purchased  by  acy  araed  force  or 
thet  if  bought  it  will  be  purdiased  in  sufficient  quantity  to  be 
standard  issue.  British  Major  Patrick  Ferguson,  invented  a 
serviceable  breech-loading  rifle  in  1776.^  Eoee  80  years  later 
the  Union  bought  enough  repeating  breechloaders  to  equip  a  portion 
of  its  forces,  but  for  the  eost  part  fouiht  the  war  with  single¬ 
shot  eussle  loaders.  Not  until  the  Seven  Vtk*'  Nhr  in  1866  was 
the  eussle-looder  really  supersedad. 

The  interval  between  invention  and  adoption  reflects  several 
things.  It  aust  be  borne  in  mind  that  nan  is  not  everywhere  and 
at  all  tines  at  war;  industry,  coanerce,  nedicine,  and 
engineering  are  continuous.  New  devices  and  new  ideas  in  these 
latter  fields  can  be  triud  out  at  acy  tine.  Cbapetition  is  pres¬ 
ent.  In  sharp  contrast,  wars  have  scnetiaes  occurred  at  very 
long  Intervals,  and  before  1914  there  were  several  such  intervals. 
Thus,  a  French  officer  coanissioned  in  1872  at  21  years  of  age 


15.  Both  tile  Flench  and  Austrian  amies  had  experinentad 
with  breech-loading  nusket  carbines  as  much  as  50  years  earlier. 
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would  hov*  boon  SS,  oliwot  «t  tho  oid  of  hit  o«roor,  boforo  ho 
foood  o  luNpoon  onooy  in  1S14.  this  It  not  tho  oooo  in  othor 
pcofoo$iono,  nor  with  otiiov  inotitutiont.  Only  onMd  forcos  con 
go  for  ooro  thon  o  gonortlon  with,  no  prootiool  toot  of  tdttt  thoy 
novo  boon  looming,  toodiing,  proetio^,  ond  buying. 


Moxt  it  ottot  bo  rtomborid  thot  m jor  wort  loovo  bohind  two 
logoeioot  (1)  budgotory  pcobloot  ond  (2)  lorgo  otoekt  of  Mtorlol. 
Iho  budgotory  probltot  put  ptooturo  on  tho  oioid  foreot  to  uto  up 
tho  ihhoritod  wortiM  otooko.  (loro  it  noy  bo  suggottod  thot  tho 
AUiot  of  HOrld  Utr  Z  did  ^  Oomon  teoy  o  tool  torvico  in  forc¬ 
ing  it  to  ooMp  tho  ootoriol  of  Iflt.)  Ihoto  budgotory  probloos, 
thooo  uotooo  of  oboolotoont  ootoriol,  ouggott  why  XM  f  irot  of 
two  groupo  of  tignifieont  odvonooo  in  lomolity  prior  to  1914 
foUowod  obout  15>20  yoort  of::or  Xim  Mopoloonie  Wort  ond  tho 
tooond  foUowod  o  tiadlor  poriod  oftor  tiw  hoorieon  Civil  bitd 
Froroo-Pruttitn  Mbro* 

Anothor  ond  vory  ioportont  rooton  for  tiiit  doloy  it  titot 
tho  gonorotion  of  tho  pcoviout  wtr,  whidi  woo  ooeuttoood  to  ond 
ntdo  itt  oorooro  with  thit  oldor  ootoriol  ond  ttm  Idoot  ottoei- 
otod  with  it,  hod  to  loovo  peoitiono  of  outiiority  boforo  now 
idoot  could  hovo  on  .iopoct.  in  tiiit  oonnootion,  o  groot  piqrtte- 
itt  oboorvod:  ”...  now  oeiontif  io  truth  dooo  not  triuoph  by 
convincing  itt  cwponontt  .  .  .  but  rothor  booouto  itt  opponontt 
ovontuoUy  dio  ^  pott  froo  powinr/  ond  o  now  gonorotion  growt 
up  which  it  fooilirr  with  it.”^ 

Tho  obovo  oontidorotiont  apply  ovorywhoro;  thoro  oro  no  cloor 
pottomo  of  notionol  bohovior  in  rogord  to  odo^ing  woopont. 
Inttonoot  eon  bo  found  whoro  notionol  probloow  or  procticot  ooutod 
0  power  to  log  in  odopting  o  oortoin  woopon,  but  thoto  oro  cotot, 
not  pottomo.  Tho  luttiono  ttrottod  tho  boyonot  ond  loggod  in 
odopting'tho  owchino  gun;  tho  Goraont  ttrottod  blie  aoehino  gun 
ond  log^  in  adopting  toirik— idtiidi  the  British  had  invontod 

to  counter  Gonton  nodiino  guns’.  To  d^  ooncluoiont  obout  notion¬ 
ol  bohovior  froo  thoto  cotot  io  inpottiblo. 


16.  Max  clonok,  | 
tront.  F.  Goynor,  Now 
Xuhn;  Tho  Struct^  Of 
150. 


t,  Chioogo,  1962,  p. 
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IntTvl  n  Adoption  «nd  Eff«ctlv  Us« 
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It  hM  «lM«ys  tak«n  «  whilt  for  a  tiaapon  to  baeoM  a  fully 
contributing  Mabar  of  tha  currant  arsanal  of  «Mapona,  l.a.,  to 
ba  utad  in  a  uay  that  capitalisad  co  tivt  graataat  poasibla  extent 
on  Ite  charaetariatica  and  potantialltiaa.  Thla  la  to  a  conaider- 
abla  dagraa  naeaaaary,  aa  axpa^**ntatlon  ia  ordinarily  raquirad 
*flth  any  naw  daviea  to  aaa  how  it  will  purtotm  baat.  »la  tlaa 
lag  ia  further  influancad  by  tha  currant  aoda  of  thinking, 
uideh  invariably  tanda  to  try  to  fit  a  naw  weapon  into  axiating 
taetiaa,  and  diangaa  the  tactiea  later  only  aa  it  bacoaaa  appa¬ 
rent  that  tha  naw  weapon  psxoita,  or  daa«nda,auch  changaa. 

Thla  ia  clearly  ahown  in  tha  caaa  of  tha  arquabua,  tha 
flrat  handgun  teat  waa  aufficiantly  parfactad  to  ba  adc^tad  on 
a  large  acala.  It  waa  adopted  ganarally  in  tea  aacond  half  of 
tha  ICte  Century.  But  it  waa  firat  uaad  in  tea  aumnar  of  fight¬ 
ing  which  waa  uaual  at  the  tine,  by  naaaad  infantry,  firing  in 
volley.  In  tela  faahion  tha  wan  firing  tha  weapon  ware  dafanaa- 
leaa  and  able  to  contribute  nothing  to  tea  battle  during  the 
long  period  of  tine  which  it  took  to  reload  tha  arq^Mbua.  It 
waa  aone  SO  yaara  before  tha  daviea  of  tea  countarnarch  was 
developed,  ao  that  tee  nan  in  tha  firat  rank  of  filea  of  tan 
fired,  than  novad  to  tha  rear  of  tha  line  to  reload  tella  aue- 
eaaalva  ranka  followed  tha  aana  procadura. 

Thla  waa  tha  firat  affective  aolution  of  the  uaa  of  individ¬ 
ual  gunpowder  waapona  in  coatet.  Free  than  on,  other  typaa  of 
handguna  could  ba  uaad  on  tha  battlefield  praetleally  aa  aoon  aa 
they  ware  invented.  It  doaa  not  follow,  however,  that  tela  Ini¬ 
tial  uaa  waa  thair  noat  affective  uaa;  in  general  there  «wa  a 
period  of  axparinentation  of  20  to  30  yaara.  Tte  aana  waa  true 
of  the  firat  radical  changaa  in  artlll^  weapona,  late  in  tha 
ISth  Century.  Tha  uaaa  of  bote  tank  and  combat  aircraft  taate 
poatulatad  before  or  with  thair  iiTtroduction  in  coatet;  the  pro- 
blen  wlte  each  waa  teat  of  properly  axploititgthd.rinherant 
lathality.  The  balllatlc  niaaila  fron  tea  firat  haa  bean  uaad 
aaaantially  aa  long-range  artillery,  but  again  aaainilation  haa 
bean  alow.  Nuclear  waapona  have  otfarad  tactical  dlfflcultiaa 
of  a  conceptual  nature  comparable  to  those  teich  affected  tha 
Introductimi  of  affective  gunpowder  anall  ama;  at  pzaamt  there 
aaana  to  ba  no  raaawt  to  think  that  asainllation  will  ba  any 
aaaiar  or  quicker. 

Tha  lapaa  between  ir’’ention  and  demonstration  of  a  weapon 
and  tee  aattling  upon  ita  education  in  battle  waa  apparent  at 
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tlM  outMt  In  Mgtfd  to  tho  oton  .o.  Iho  first  two  wsro  ussd 
in  lf4S  sswMpons  of  smss  dostnietion  or  torror.  By  tiw  tins  of 
ttm  lorlin  blooksdo  of  194t  ths  Unitod  ttstss  still  hod  svolvsd 
noitiwr  BOliey»  toetios*  nor  doetrins  for  toetiosl  uss  of  nuelosr 
wsapons  in  ground  eostet.  Indssd  tdw  first  nsjor  ottssyts  to 
oonsidor  diongos  in  kewf  taeties»  doetrins»  ond  orgsnisotion  wort 
rot  nods  till  ths  nsxt  yosr»  IMt.  Ihs  Unitod  tts^  did  not  uss 
sudi  wssgons  in  ths  Xorooh  Nto»  USO-IISS*  nor  wsro  thsy  ussd  by 
ths  onsoy.  fhoso  studios  of  tho  uss  of  toetiosl  otooie  woopons 
thst  woLs  sMdo  wsro  highly  elsssiflod  but  ovidontly  foilod  to 
produeo  tdw  toetieol  rstionols  whioh  night  hows  boon  roflsetod 
in  opon  litoroturo.  Oisoussions  of  tho  topie  oppooring  in  oon- 
tonporo)^  unolsssifiod  litoroturo  rovool  onetibnsl=snd  pelltieol 
prossuros,  woighlng  on  ony  Mbtonpt  to  ossiniloto  toetiosl  nuelosr 
woopons*  highly  roniniseont  of  ths  odrly  doys  of  gunpowder.  As 
of  tho  torninol  dots  eonsidorod  by  this  study  (19SS)  ths  process 
of  sssiniUting  nuelosr  woopons  hod  just  bsgun  ond  wos  pcoeooding 
under  sovoro  hsndiesps. 


tho  Proeoss  of  Assinilstlon  of  New 
Wseoons  ond  Mew  Concents 
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Before  ottonpting  on  anolysis  of  the  process  of  ossinilotion* 
it  will  be  helpful  to  nSke  clear  the  distinction  we  aSke  between 
kiilitary  creativity  and  iu^siailaticm.  In  this  study  wo  have  oon> 
sidorod  that  military  creativity  is  the  ability  to  develop  or 
goneroto  now  things  (%MSpons  and  equipment)*  now  ideas*  and  new 
ways  of  relating  things  to  ideas.  Assiailation  is  the  prooess 
whereby  now  things  or  new  ideas  ore  nado  coopatible  with  exist¬ 
ing. situations*  crgonisatlms*  and  attitudes*  so  tiutt  these  new 
entitles  ore  enpl^od  «  effectively  as  the  acres  ond  teehnologi- 
oal  development  of  the  times  will  permit.  Thus*  to  a  substantial 
degree*  dnitivity  is  essential  ond  basic  to  assimilation*  but 
creativity  does  not  rntneatioally  assure  assimilation. 

Nsither  military  creativity  nor  assimilation  eon  be  con¬ 
sidered  in  a  vacuum*  but  muse  be  related  to  the  processes  of 
change  and  of  adaptation  of  society  os  a  whole.  Because  now 
military  develbpmMits  hove  appeared  with  increasing  frequency 
since  just  bsfore  the  mioile  of  ^  19th  Century*  and  because 
armies  hove  subsequmtly  become  progressively  more  sophisticated 
and  ooevlex*  it  might  not  be  unreasonable  to  assume  that  both 
the  prooesses  of  military  innovation  and  military  assimilation 
have  improved  and  accelerated  in  this  recent  period.  Our  present 
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study,  howsver,  would  sitggsst  ■.‘.at  this  -is  not  so.  Soclsty  &s 
a  whold  has  bean  undargoing  draaatic  changas  following  tha 
tiaar-slMultanaous  appaaranca  of  tha  Franch  and  Industrial 
Ravolutions,  and  unquastionahly  this  procass  of  tachnological 
and  social  changa  has  baan  accalarating.  It  appaars,  howsvsr, 
that  ailitary  innovation  and  assimilation  laggad  sonawhat  during 
much  of  tha  Industrial  Ravolution  and  may  not  yat  hava  caught  up 
with  tha  fast  paca  of  changa  in  society  as  a  whole. 

As  suggastad  above',  this  study  assuams  vnat  the  assimila¬ 
tion  of  a  new  t#aap(m  is  tiM  process  iidteraby  tha  employment  of 
tha  %iaapon  is  made  compatible  with  existing  sit\iations,  orgwi- 
zations,  or  f«^itudes  so  that  its  capabilities  are  adequately 
raflactad  in  tactics,  organization,  and  doctrine— or,  in  o^r 
words,  when  its  capabilities  are  used  to  tha  greatest  possible 
extant  ita  limitations  minimized.  It  is  relatively  easy  to 
ascertain  from  observation,  or  from  td»a  record,  whan  a  wMpon 
ie  Mt  asslmllatad;  it  is  almost  as  easy  to  find  a  time  *^n  the 
weapon  has  been  assimilated;  it  is  less  easy  to  ascertain 
exactly  whan  tha  assimilative  procass  is  accomplished. 

Uhen  a  radically  new  weapon  appaars  and  is  first  adopted, 
it  is  by  nature  incongruous  with  existing  weapons  and  doctr^. 
This  is  raflactad  in  a  number  of  ways:  uncertainty  and  hesita¬ 
tion  in  coordination  of  tha  new  weapon;  inability  to  use  it 
consistently,  affectively,  and  flexibly  in  offensive  action, 
often  leading  to  tactical  stalemate;  vuli^erablUty  of  the  weapon 
and  of  its  vwers  to  hostile  countermeasures;  heavy  losses  inci¬ 
dent  to  the  employment  of  the  new  weapon,  or  in  attainting  to 
oppose  it  in  combat.  Prom  this  it  is  possible  to  establish  the 
criteria  of  assimilation  as  follows: 

a.  Confident  employment  of  the  weapon  in  accordance  with 
a  doctrine  «hieh  assures  its  coordinatixm  with  other  weapons  in 
a  manner  compatible  with  the  characteristics  of  each. 

b.  Consistently  effective,  flexible  use  of  the  weapon  in 
offensive  vwrfare,  permitting  full  employment  of  the  advantages 
of  superior  leadership  ard/or  superior  resources. 

c.  Capability  of  dealing  effectively  with  anticipated  and 
unanticipated  countermeasures. 

d.  Sharp  decline  in  casualties  for  those  employing  the 
weapon,  often  combined  with  a  capability  for  inflicting  dis¬ 
proportionately  heavy  losses  on  the  enaiq^. 
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Appendices  C  and  E  pii-ovide  inZuraation  regarding  t'tie  adoption 
and  assimilation  of  weapons  of  greatly  increased  lethality,  and 
the  application  of  significant  ancillary  technological  developf 
ments  whidi  have  to  a  significant  degree  directly  or  indirectly 
enhanced,  or  contributed  to,  the  lethality  of  weapons.  These 
appendices  suggest  the  following  hypotheses  regarding  the  assimi¬ 
lation  of  iMapons  of  the  past: 

1.  There  have  been  three  basic  preconditions  historically 
for  assimilation  of  new  weapons  or  ideas: 

a.  An  imaginative,  knowledgeable  leadership  focussed  on 
military  affairs,  supported  by  extensive  kxwwlsdge  or,  and  com¬ 
petence  in,  the  nature  and  background  of  the  existing  military 
system. 


b.  Effective  coordination  of  the  nation's  economic, 
technological-scientific,  and  military  resources. 

c.  Opportunity  for  battlefield  experimentation  as  a 
-basis  for  evaluation  and  analysis. 

2.  Mhen  these  conditions  have  been  presmt,  there  has  (J 

usually  been  a  time  lag  of  approximately  20  years,  or  one  genera¬ 
tion,  between  the  initial,  experimental  adoption  of  a  new  weapon 

and  its  full  assimilation.  It  is  notable  that  titis  time  lag  does 
not  seem  to  have  change  much  over  the  course  of  ttm  past  century, 
despite  the  fact  that  science  and  technology  have  been  producing 
new  weapons,  or  adaptations  of  weapons,  in  accelerating  numbers. 

When  the  condltiM.  have  not  been  present  (which  was  frequently 
the  case  before  1830)  the  process  of  assimilation  has  been  slower. 

3.  New  weapons,  or  modifications  of  new  weapons,  have 
generally  been  developed  because  scientists,  teehnicisuns,  or 
soldiers  have  perceived  an  opportunity  to  develop  a  new  weapon 
or  improve  an  existing  one.  Only  rarely  in  the  past  have  new 
weapons  been  designed  for  the  specific  purpose  r*f  coping  with  a 
tactical  problem. 

4.  There  has  been  a  natural  reluctance  to  make  a  s%Meplng 
change  in  tactics,  or  organisation,  by  widespread  adoption  of  a 
new  and  untried  weapon  before  it  has  been  thoroughly  investigated 
under  battle  conditions.  There  is  some  evidence  (not  conclusive) 
that  intelligent  boldness  in  this  respect  can  pi^  handsome  divi¬ 
dends  (as  the  Prussian  ':'!option  of  the' needle  guiOe  Oespite  this 
reluctance  and  despite  the  likelihood  that  optimum  assimiiatlori 
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will  b€  impossiblA  battl&r  eld  testing,  the  increasing 

pace  of  invention  is  placing  pressures  on  the  military  today 
to  make  such  sweeping  changes. 

5.  The  substantial  leadership  in  military  affairs  enjoyed 
by  Prussia,  and  then  Germany,  over  a  period  of  about  a  century 
Cc.  1840-1942)  did  not  stem  from  any  inherent  intellectual, 
scientific,  or  fighting  superiority  on  the  part  of  the  Germans. 
Rather  it  stemmed  from  their  earlier  realisation  of  the  signi¬ 
ficance  of  the  impact  of  the  Industrial  Revolution  on  warfare 
in  terms  of  increased  complexity  in  uMpons  and  of  tine  methods 
of  employing  them.  Thus,  much  earlier  than  other  nations,  the 
Pi.assians  so  organised  themselves  as  to  acquire  systematically, 
and  ndthout  dependence  upon  chiunce,  the  kinds  of  competence 
indicated  in  the  first  and  second  preconditions  for  assimilation 
of  weapons  (items  1-a-and  b,  above),  and  this  systematic  organi¬ 
sation  also  permitted  them  to  exploit  fully  and  promptly  their 
own  battlefield  experimentation  and  that  of  others.  The  initial 
advantage  resulting  from  this  systematic  organisation  of  German 
military  affairs ,  exee^lif led  by  their  Army  Great  General 
Staff persisted  at  least  to  1942. 

From  this  German  example,  and  those  of  the  otiter  great  ■ 
powers  who  have  followed  the  German  pioneering  work  in  general 
staff  conceits  and  in  relating  military  affairs  to  national  soc¬ 
iety  as  a  whole,  it  is  possible  to  refine  for  ti^e  mid-20tii  Cen-  ■ 
tury  the  second  of  the  th»e  hypotheses  regarding  preconditions 
of  assimilation  as  follows: 

a.  There  must  exist  industrial  or  developmental  research 
institutions,  basic  research  institutions,  military  staffs  and 
their  suK>orting  institutions,  together  with  administrative 
arrangements  for  linking  these  with  one  another  and  with  the 
top  decision-making  echelons  of  government. 

b.  These  bodies  must  conduct  their  research,  developmental, 
and  testing  activities  by  mutiially  familiar  methods  so  that 
their  personnel  can  communicate,  can  be  mutually  supporting,  and 
can  evaluate  each  other’s  results. 

c.  The  efforts  of  these  institutions— in  related  mattsrs-- 
muat  be  directed  toward  a  common  goal. 


17.  It  should  be  loted  that  this  was  never  an  interservice 
general  staff ,  in  ai^  way  eoaparab.’je  to  the  current  US  Joint 
Staff. 
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It  is  •vidant  that  tliS  process  of  systtMtic  davalopnant  of 
now  and  nora  lathal  aatitoda  of  warfara  la  a  vary  axpanalva  ona. 
Thus  It  it  la^ortant  to  asaura  aaxiaMB  aff iciancy  in  tha  coordina¬ 
tion  of  tha  afforta  of  tha  Inatitutiona  eoncamad  and  in  tha  pro- 
eeduraa  foUowad  within  tha  inatitutiona.  Our  invaatigatlon  Indl- 
eataa  that  thia  effort  can  bwftafit  b</  uaa  of  aathtauktical  toola 
Ox*  nanagaaMnt  analyaia  and  control.  (Saa  Armax  IH-F.) 

What  ia  no£  yat  clear  la  whether  our  new  nathoda  of  paaca- 
tlM  axpariaMntation— through  aophiatlcatad  wargaaaaf  coa^tariaad 
avaltiationa»  and  lllca— are  in  fact  aufficiantly  raaliatic  to 
provide  adaquata  aubstltutaa  for  battlefield  axparlaentation  (tha 
third  praconditim) .  Ihara  ia  good  raaaon  to  balieva  tiiat»  at 
praaant,  they  are  not. 

Mora  uaafuly  pariiapa  are  attaaipta  to  racraata  in  paacatiaa 
tha  teat  of  coabat  under  pt^ieal  eonditiona  that  aiaailata  war 
aa  cloaaly  aa  poaaible  and  that  alao  pamit  atudy.  Wa  have  raa¬ 
aon  to  balieva  that  auch  attaapta*  aa  at  tita  Coabat  Davalopaant 
Expariaantal  Canter  at  Fort  Ord>  have  bean  uaafult  but  atill 
Inharantly  lack  tha  phyaieal  and  paychological  alaaanta  of  con¬ 
flict*  rlak*  and  daatructivanaaa  which  are  tha  aaaantial  alaaanta 
of  coabat*  and  without  which  tiiara  can  ba  no  real  coabat  trial. 

It  haa  bean  brought  to  our  attention*  however*  that  tha 
-Inatituta  for  Dafanaa  Analyaaa  haa  recently  aucoaaafuUy  invaati- 
gatad  anginaaring  aathoda  of  integrating  two  pravioualy  unrelated 
technological  taatlng  awthoda  whi&  eight  par^t  actual  recrea¬ 
tion  of  coabat  eonditiona  for  taatlng  waapona  and  taotica*  at 
laaat  on  a  United  acale.  Thia  invaatigation*.  aa  wa  undaratand 
it*  haa  bean  tha  aarrying  of  the  aoat  raewit  natiioda  of  individ¬ 
ual  talaviaion  aurvaillanca  and  of  ttm  reaota  handling  li^f  radio- 
active  natarlale*  to  pamit  actual  projection  ^trough  "talef actor” 
of  an  individual*  a  intalliganea  and  raactions  to  control  of 
objacta  in  apace  through  talaviaion  and  talenetry.  Tha  produc¬ 
tion  of  a  workable  prototype  ia  anticipated  within  two  yaara.^ 

If  tha  ayataa  worka  aa  anviaagad  (and  there  ap^ra  to  ba  no 
aelantif  ic  or  engineering  raaaon  wlqf  it  cannot)  *  it  could  ba 
applied  to  tha  taatlng  under  full  coabat  eonditiona  of  oppoaed 
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18.  A  report  on  thia  Mttar  can  ba  expected  free  tha  Inati¬ 
tuta  for  Oefanaa  Analyaca  ahortly  after  Noyaebar  1*  1964.  Contact 
at  IDA  ia  Mr.  WUliaa  Bradley*  Deputy  Dirad»r  of  laaaareh*  who 
inatigatad  an  Intenaiva  invaatigation  of  thia  natter  in  a  1964 
IDA  Suanar  Study. 
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weapons  or  weapon  systems,  tan!'  .gainst  tank  or  antitank  weapon, 
aircraft  against  other  aircraft  or  antiairoraft  daf antes,  ate. 
Even  broader  applications  may  toon  be  possible  to  pamit,  for 
the  first  tine  In  history,  actual  axned  conflict  between  hunan 
opponents,  with  no  linltatlons  on  affests  of  weapons,  witiMUt 
danger  to  human  life.  The  signif ioanoe  of  this  tactical 
development  is  obvious,  in  light  of  the  preosding  discussion. 
The  possible  combat  application  of  tits  "telefactox**  concept  is 
perhaps  more  fascinating,  but  beyond  liie  scope  of  this  study. 
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CCMCBPIUAL  ASPECTS  OP  WEAPON  I£THMiiry 


VlMpons.  Taetlcs,  and  th«  Balanc*  of  PQwr 


Until  very  recently  there  had  been  no  inetenee  in  history 
in  which  a  new  weapon,  by  its  very  letiiality,  haa  been  able  to 
affect  the  international  balance  of  power.  There  are,  of  course, 
nuawrous  exanplas  in  which  a  new  tactical  syaten,  based  upon  the 
of  a  weapon  or  group  of  weapmts,  has  changed  tiie 
balance  ofpbwer,  at  least  teaqporarily.  In  tdil*  study  we  have 
noted,-  for  InstanM,  such  tactical  systens  as  the  Macedonian 
phalanx,  the  llcaum  legion,  the  Mongol  touean,  tiw  Ehglidi  "bat¬ 
tle,"  the  linear  aysteai  of  6ustavua  Molphus,  ttm  Prussian 
battalion  of  FTedwick  the  Great,  and  neat  recently  thm  GersMun 
blitskr^  coabination,  all  of  which  were  baaed  upon  iaagin- 
ative  utilisation  of  new  or  radically  eodifisd  weapons,  and  all 
of  which  directly  affected  the  world  balance  of  power.  It  is 
significant,  furthwmore,  tiiet  there  was  in  each  instance  a 
substantial  tise  lag  between  the  appearance  of  ^  new  weapon 
and  its  application  in  the  new  systee  in  sudi  a  way  as  to  duunge 
the  balance  of  power. 

The  basic  reason  for  this,  of  course,  was  the  problaai  of 
assiailation,  whidi  it  discussed  above.  Ko  ore  of  ttm  new 
weapons  was  so  powerful  in  its  own  right  that  its  SMte  pretence 
on.  the  battlefield  would  assure  vietm^.  Thus,  prior  to  our  own 
tine,  weapons  have  influenced  international  affairs  only  indirectly 
and  gradually. 

.The  closest  thing  to  an  exception  seeaw  tc'  have  bean  the 
threatened  antipopulation  use  of  the  long-range  boaher  aircraft 
in  ttm  late  1930s,  pr;jaarily  by  Hitler.  This  direat  certainly 
pemittsd  Hitlsr  to  consolidate  his  control  of  Central  Europe, 
as  was  clearly  evidenced  at  Munich,  in  193t.  But  this  was  only 
one  of  a  nuaher  of  factors  f though  periwpe  psydiolpgieally  die 
aost  iaqiortant  at  tha  tiea).  Not  only  wos  tha  daelsivanass  of 
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air  botbaxdMnt  by  high  axplosiv'v  alona  doubtad  by  anough 
■ilitary  and  political  laadars  to  put  tha  istua  to  a  taat  within 
a  vaar.  but  Ita  significanca  was  soon  provan  to  be  sosiaidiat  over- 
(avan  tiwugh  far  nora  affective  than  many  conservatlva 
sdllta^  sMn  had  suspaetad). 


But  savan  years  after  Hunlch  a  new  weapon  appeared  tdiich 
faaidttad  aircraft  bort>ardt«nt-sl*ply  as  tha  daU'/ary 
tft  aaooaBliah  destruction  of  a  magnitude  and  intensity  which  had 
amvar  bean  dMasMd  of  by  Tranchard,  Douhat»  or  Mitchell.  This 
waa  tdia  acomie  bomb)  of  course. 


Aiolaar  weapons  unquestionably  have  tha  capability  of  affac- 
tlM  balance  Ot  powsi.*.  To  data  their  sMxa  existence  hu 
aaawNt  a  balance  of  military  power  between  Bast  and  Usst  in 
0m*m1  lufope  and  elsewhere  >  despite  a  massive  Ccmnunist  super- 
ifli^ty  in  ground  forces. 


ttnti?.  ''^wi  power  of  tiie  atomic  bomb  waa  deamstrated*  no  new. 
tiai£  bean  so  unsistakably  revolutionr’ry  that  its,  mere 
ley  clearly  '.cad  national  policy  and  strategy.  And* 

even  in  the  ease  of  «aar  weapons*  taeti^  ^ 
reaponss  has  been  dlf-  icult  and  slow.  As  is  clear  fm  the  dia- 
ouaalon  in  Annex  m-d*  the  Implioations  of  the  taet^l 

of  such  weapons  are  still  natters  for  sursdse  and  oonjacture. 


at  Mew  Concepts  on  Employment  of* 
Existing  Weapons  “■ 


Military  tactics*  organisation*  and  doctrine  are  mud»  more 
likely  to  be  affected  by  new  ideas*  new  concepts  of  employing 
men  and  weapons*  than  by  the  appearance  of  nw  *'*eapone_a3i)y. 
More  ofeen  t*an  not  it  has  been  the  applioation  ef-so^>  Imagln 
ative  thinking  to  existlhg  weapons  which  has  oaus^  ite  gvMt 
developments  in  military  affairs*  and  tdiioh  affect^ 
national  relations.  Even  the  new  weapons  whidh  were  tite  basis 
of  the  revolutinta^  Macedonian  and  Roman  tactical  systems  were 
in  reality  only  modifioationa  of  existing  weapons. 


The  importance  of  new  or.  imaginative  in  millt«v 
affairs— as  opposed  simply  to  ww  thintts^-can  be^  be  Sjwgad  K 
tdve  fact  that  it  has  almDSt  ioimial^Man  now  ideas  »dil^  have 
permitted  inferior  military  forces  te  overoema  forces  that  were 
larger  and/or  better  equips.  Hannibal  was  an  outstanding 
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•xmpli  of  tMs  In  antiquity.  H#  had  no  naw  waapona  (hia  ala- 
phants  wara  ralatively  Inaffcwciva  againat  tha  Roaiana},  hia 
troopa  %(ara  infarior  in  qfualitjS  training,  and  waapona.  Hia 
aMsitn  atring  of  auceaaaaa  waa  duo  to  hia  ability  to  uaa  com- 
binod  axna,  to  iaproviaa  both  atratagicaUy  and  tactically,  and 
in  particular  to  hto  focua  on  aanauva:' .  Ha  haa  rightly  bam 
callad  "tha  fathar  of  atratagyi"  and  hia  iBaglnotlwa  thlrtklng 
atifltulatad  tha  davalopaiant  of  tha  nodom  Sehliaffm  Plan. 

Iha  aqually  aatounding  auceaaaaa  of  JangMs  Khan  wora 
achiavad  in  alaoat  ovary  Inatihoa  aga^t  foroaa  tdwt  waro  nuMr- 
ically  auparior  and  which  had  aiaiilar  or  coapai^la  waapona. 

Unlika  Hannibal,  Janghia  invariably  did  anjoy  aupariorl^  in 
training  and  dlaciplina,  but  thia  alona  could  not  axplain  tha 
axtant  or  natura  of  hia  eonqfuoata.  Iha  raaaon  was  an 
abla  ganiua  for  davaloping  naw  idaaa  in  organiaation  and  adain- 
lattatlon,  coablnad  wltA  tha  ama  kind  of  iaaginativa  tactical 
and  atratagical  ganiue  which  H^ibal  had  diaplayad.  Haw  idaaa, 
unaxpoetad  and  uhknown  to  hia  dpponanta,  wara  tha  raaaona  for 
auceaaa. 

Eqfually  ralavant ,  although  a  dlf f arent  kind  of  axa^U,  ia 
tiM  way  in  idiieh  ^  Swiaa  uaad  tha  long  pika-*alaoat  UaMlcal 
to  tha  Maeadonian  aariaaa»»to  doadnata  Euoopaan  battlaf  ialda  for 
a  canti^.  C^ining^ta^leal  anbility,  ap^  of  aovaaoM,  aur- 
prlaa,  and  an  unfailing  offanaiva  apirit,  tha  unamor^  Swtea, 
in  danaa  oolunna  not  unldka  tha  Maoa^ian  phalaiuc,  ehargad  at 
tha  rjti  to  ovarwhaln  haavily  amor^  knighta  on  horaa  or  on  foot, 
aa  wall  aa  all  otter  variatiaa  of  tellaval.  Infantry .  Thay  wara 
for  a  ihila  abla  to  auiihtain  an  alMondoncy  ovar  a«?ly  gunpowdar 
waapona,  aa  wall,  daahinp  through  thm  baatm  aonaa  ^bafora  anaany 
fira  could  do  thaai  amioua  hara,  or  alaa  attacking  by  aurpriae 
ffo«  an  unaxpactad  diraction  bafora  tha  clunay  axiatlng  ayataaa 
of  coanand  and  control  could  raapond. 

Thera  la,  of  couraa,  no  battar  axaaipla  of  tha  ^pact  of 
idaaa  on  axiatlng  weapons  than  tha  military  ayatan  d^lopad  by 
Guatavua  Molphua..  Aa  wa  have  aaan,  ha  not  only  aodif^^waapona 
draatically,  he  coablnad  than  into  a  nilitary  nyataa  tdilch,  to 
aoae  extent,  haa  laat^  to  our  own  day. 

Another  axaapla  is  tha  adaj^ation  of  tha  flint^ok  amkat 
to  linear  tactics  hv  tha  Pruaalana.  Thay  wara  not  tte  only  ones 
to  do  this,  but  King  Ftedarick  Willlaa  I  sponaorad  )te  davalo.^ 
aant  of  an  iron  raiwod  which,  whan  axploltad  by  triiining,  per  ■ 
aittad  an  Incraaa**  In^tte  rata  of  fira  of  tte  Pruaalan  hifantry 
without  in  any  way  changing  tha  \:iMp(xi  or  its  aathod  of  opa^bjjn. 
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Prussijn  training,  disciplint,  and  «up«rior  firepower— as  well 
as  his  own  iicaglnstlve  genius— were  then  exploited  by  Frederick 
William's  im,  Frederick  the  Great,  to  make  Prussia  a  grot  power 
and  to  ctuunge  permanently  the  balance  of  power  In  Et;TOpe. 

Kspoleon  introduced  neither  a  new  weapon  nor  a  new  tactical 
system.  Although  he  was  an  excellent  tactician,  his  prlnc^l 
topact  on  warfare  was  the  injeeticn  of  new  and  Isnginatlve  ideas 
^o  grand  tactics  and  strategy— the  most  Important  of  these 
be^  his  coneys  of  mass  a.nd  maneuver.  One  indication  of  the 
pOi'ential  and  actual  lethality  of  ideas  can  be  (Gained  from  the 
comment  of  one  of  his  enemies  (Blucher,  although  the  statement 
has  also  been  attributed  lo  Wellington),  that  Kapoleon's  mere 
j^sence  In  a  battle  or  cam^ign  was  worth  at  iMSt  40,000  men. 
The  strategical. concepts  of  Kspoleon,  novel  at  the  time,  are  now 
commonplace  due  to  ^  writings  of  Jomlni  and  Clausewits. 

Hew  ideas  of  tactics  and  doctrine  can  also  give  the  introduc* 
1^  power  the  advantage  of  surprise.  Twice  within  the  lifetime 
of  men  now  J  'vlng  the  German  Army  has  scored  stunnii^^'tactical 
sui^rlses  over  Its  opponents,  in  1916  and  again  in  M40,  yet  in 
nel«»er  case  did  it  use  new  weapons.  Every  Itmi  in  the  German 
arsenal  was  familiar,  yet  use  of  these  weapons  came  as  a  grMt 
surprise. 

In  the  course  of  history  ideas  regarding  the  employment  of 
»jagns  have  been  far  more  Important  than  the  weapons  tdtemaelvss, 
tmetiier  those  were  new  weapons,  or  those  that  were  old  and  fami- 
^r.  We  wm  rudely  reminded  of  this. by  the  Chinese  Coamuniats 
in  Korea,  who  had  no  air  support,  little  armor,  relatively  weak 
artillery,  and  were  generally  baokwa»l  in  terms  of'modem  weapons 
and  equipment.  Yet  through  a  eosa>inetion  of  ini;;lative,  deter¬ 
mination  and  imaginative  exploitation  of  our  previously  unreoog- 
niaed  weaknesses,  they  inflicted  some  shi^  defeats  on  Aaerioan 
forces.  Tr.  different  ways  we,  as  well  as  the  French,  hiwe  been 
exposed  to  similar  lessons  in  Vietnam,  there  the  .guernlllaa  haw 
so  d^yrecated  wsaptxis  that  they  have  simply  used  their  snsmles 
us— as  an  arsenal. 

History  till  shows,  as  it  has  ties  after  tiaw,  that  isM^ina- 
tlon  in  weapons  esqployment  can  make  up  for  clearly  discernible 
qualitative  and  quantitative  Inferiority  .in  manpower,  or  weaponry, 
or  both. 


( 


Chapttr  VI 


•dIAr* 


IPICMICW  OF  HUaOIL  BBUJED  TO 
WEMWM  LETHMJry 


In  «oeordanc«  %iith  th«  study  dlr«Jtive 
"quantify  Incraasas  Iji  lethal!^"  jAar* 

Invaatlgatlons  hava  baan  mada  idilch  have  }*JS*2tSsive 

and  anoouraging  rasult's.  Whila  tJ»a  has  not 
study  In  this  araa,  soa«  valid  conclusions  can  ^  drawn  on  tha 
basis  of  tlia  data  oonsldarad  and  rasults  obtalnad. 


c 


c- 


Thaoratlcal  Lathalf*7  T«<iieaa 

In  attasDtlng  to  quantify  lethality  It  has  P»ov^,PO*»*S! 
to  davalop  raasonabla  and  c<^lotant  }JgJS*Slu?to^ 

weapon,  whose  product  will  giva  a  apaclflc 
suchweapon,  ragardlesa  of  typa.  Wa  hava  chosan^to  call  thasa 
lethality  values  "theoretical  lethality  In^as. 

Tha  factors  are:  rate  of  f^, 

par  strike,  relative  Incapacitating  affect  o*  •In¬ 

fective  range  of  the  weapon.  Its  accur^, 

baa-lefleld  aoblUty  (where  applicable),  and  its  fyt^^- 
Ina  capability  (for  Mchinas  such  as  tartks  or  • 

pirt  One  of  Swax  III-H  of  this  r^rt  lists  the 
indices  whl<i»  we  hava  calculated  for  a  nuff.pe?  of  spMific  ■v.'pas 
of  %wipons,  froa  the  aarliast  hand-to-hand 

boaSTEn^sura  1  to  'hat  hnnax.provldes  a  graphical  taprasan- 

tatlon  of  thasa  values,  Plott^  aSIScaa*ln*^ 

revealing  clearly  the  aajor  discontinuities  ana  advances  in 

ytsrtm  lethality  duilng  tha  course  of  history. 

In  tha  calculation  of  these  reprasantrtlva  thaoretlMl 
lethality  Indices,  we  ware  struck  hy  tha  uneiqp^adly  hlj^  v^uc 
darivadror  the  World  War  II  haarican  lOSasi  howltaw,  substan¬ 
tially  exceeding  tha  Indices  of  smaller,  quidtar  firing  weapons. 


«s  w«U  «s  t-ho>«  of  l«rg*r  piccou,  ’tcc»rdingly,  wt  hav*  pre- 
p«r«d  a  brlaf  cat#  study  of  tha  adoption  andassiaiilatlon  of  the 
lOSan  howitier  by  thw  OS  Aray  between  the  VovlA  Wars;  this,  the 
first  specific  instance  of  research  and  analysis  inspired  by  the 
developawnt  of  our  lethality  indices,  appears  as  Annex  HI-I  to 
this  report. 

We  believe  it  may  prove  significant  that  we  have  been  able 
to  apply  these  lethalitj'  indices  to  the  problem  of  relating  quan* 
tified  lethality  to  tactical  factors  such  as  dispersion  and 
nobility— as  demonstrated  below-rin  ocmparative  analyses  of  battle¬ 
field  e)(perlenee  in  four  major  wer«. 


Battlefield  Effectiveness  of  Weapons 


In  order  to  relate  actual  battlefield  effectiveness  of 
weapons  to  our  lethality  indices,  it  is  necessary  to  undertake 
detailed  investigations  of  pertinent  statistics  for  a  number  of 
modem  wars  of  the  19th  and  20th  Centuries,  and  to  relate  these 
statistics  to  each  other  on  the  basis  of  a  series  of  exhaustive 
calculations.  The  time  pressures  affecting  this  study  have  pre¬ 
vented  us  from  doing  more  than  establishing  a  basis  for  further 
investigations,  oalouletions,  and  oomparisons.  As  we  had  feared, 
the  statistical  material  for  sudi  analysis  is  sketdiy  and  in¬ 
complete,  yet  we  have  found  that  there  is  sufficient  material 
for  the  Nigoleonlo  and  American  Civil  Wars  to  produce  some  Inter- 
estlM  and  potentially  valuable  values  for  the  battlefield 
lethality  of  the  major  weapons  of  those  wars.  These  values, 
the  basis  of  their  calculation,  and  a  number  of  other  sigi^ficant 
and  interesting  statistical  relationships,  are  discussed  and  ex¬ 
plained  in  Part  TWo  of  Annex  m-H,  and  several  of  its  enclosures. 

We  feel  that  the  potmtielities  of  this  s'.trvey  of  battlefield 
effectiveness,  and  the  relationship  of  derived  values  to  the  theo¬ 
retical  lethality  indices,  cannot  be  fully  detemlned  until  pat¬ 
terns  and  trends  can  be  established  by  similar  f.'c^k  (to  the  eixtent 
rellahle  data  is  available)  for  the  Mexican  War,  the  Crimean  War, 
the  Franeo-Austrlan  War  of  IP'g,  the  Seven  Weeks*  War,  the  FTanoo- 
Prussian  War,  tlie  Busso-Tuxklsh  War,  the  Kusso-Japanese  War, 

World  War  I,  World  War  n,  and  the  Korean  War.  It  will  be  noted 
below  that  we  have  derived  some  general  figures  fqr  the  two  World 
Wars,  but  have  not  yet  had  an  opportunity  to  investigate  tdie  de¬ 
tails  of  specif Ic  battles  and  engagements  as  we  have  done  for 
the  Nivoleonlo  and  Civil  Wars. 


c 


ttloMhlp  of  Lethtil-w^  !i 


An  «rtlol#  In  a  proftttioMl  *lllt«ry  journal^*  su^st^ 
to  u«  «n  avonut  of  ivp^oaoh  f«p  Invastlgatlng  tha  r^lon^lp 
batwcan  lethality,  dlaparaloft,  and  flwpowar.  ianafltlng 
our  hiatorieal  aurvay,  fro*  our  analytes,  and  fro*  our  davelop- 
nent  of  theoretical  lethality  Indloet,  ua  uere  able  to  carry 
this  Investigation  suioh  further,  and  on  a  sounder  basis,  than 
could  previously  have  been  possible* 

In  e8s(  ‘-i,  on  the  basis  of  historical  data,  ue  *•*•  *^* 
to  coepare  "type*  (or  average)  amles  or  corps  oflM,000 
■en  each  for  the  Mapslconlc,  Civil,  and  First  and  Second  World 
Wars,  In  terns  of  (a)  the  density  and  shape  of  ^Iqynents; 

<b)  the  speed  %»lth  uhlch  reserves  could  be  coMaMad;  ^  (c) 
total  lethality  Indices  for  each  force,  derived  by  adding  t*e 
individual  lethality  indices  for  each  nsjor  type  of  ne^^.  . 

The  results  of  this  conparison  are  shown  in  Part  Three  of 
Annex  m-H. 

Fron  our  study  of  history,  we  know  that  the  nsjor  wp^ 
of  the  tine  had  been  fully  assinllated  In  both  the  M^leonlc 
Wars  and  World  War  II,  We  also  know  that  new,  ^sslnllated 
weapons  of  previously  unexpected  lethality  had  . 

cooBUtnders  In  the  Civil  and  First  WOrld  Wars  and  h^  resulted 
In  heavy  casualties  as  well  as  tactical  and  strategic  stuoMte* 
Because  of  this,  we  are  struck  by  the  close  consistent  in  the 
relationsh:^  between  dispersion  and  lethality  in  the  Napoleonic 
and  Second  World  Wars,  and  the  great  dlffersnaes  and  tocoyie-  ^ 
tenoles  in  these  relationships  for  tiie  Civil  War  and  World  War  I, 
Dispersl<m  Is  seen  to  be  nuch  less  (as  it  was  in  historical 
fact)  in  proportion  to  lethality  in  both  of  those  wars  than  it 
was  in  the  Ni^leonic  Wars  and  World  War  H. 

Highly  significant  was  the  indication  that  dispersion  In 
World  Wcr  1,  tllsdit  tdiough  it  was  in  relation  to  lethality,  was 
at  the  saee  tia»  too  great  for  t*e  available  means  for  co»t^:^ 
corps  reserves*  Lethality  had  obviously  far  outrun  mobiUty  for 
that  war,  a  situation  :  ectifled  by  World  War  n*  From  the  com¬ 
bination  of  Inadequate  dispersal  in  terms  of  lethality,  and 
excessive  disperse  in  terms  of  sobility,  in  World  War  I  we  can 
clearly  "see:  (a)  Low  a  stalemate  resulted,  (b)  It  was  so 

^  William  G,  Stewart,  "Interaction  of  Firepower,  Mobility 
and  Dispersion,"  Military  Review,  March  1960* 
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difficult  to  schieve  •  tactical  bradkthroug^,  and  (c)  how,  onca 
a  braakthrough  %mis  mada,  it  could  not  ba  stoppad  until  it  faltarad 
dua  to  its  own  lack  of  logistical  naans* 

Wa  wish  to  strass  that  thasa  calculations  ara  parfotoa  rala- 
tivaly  oruda  and  tantativa,  and  raquira  nuch  furthar  avidanca  for 
corroboration.  Navarthalass,  it  doas  appaar  that  wa  hava  - 
davalopad  a  basis  wharaby— at  laast  for  %«rs  in  tha  past~wa 
can  ascertain  tha  adequacy  of  dispersal,  in  tama  of  lethality- 
and  mobility,  as  follows: 

1.  A  conbat  force  should  ba  so  dispersed  that  it  occupies 
v^  area  (in  square  miles)  at  laast  as  large  as  tha  value  of  its 
cooposita  lethality  index  (in  millions);  and 

2.  A  combat  force  should  ba  so  concentrated  that  its  rasarvas 
can  be  committed  affectively  to  any  part  of  its  area  tfithin  a 
period  of  approximately  four  hours. 

If  tha  general  tactical  applicability  of  lethality  indices 
can  ba  proved  for  past,  despite  great  diversities  in  weapons, 
there  i^  reason  to  believe  that  they  will  ba  equally  valid  for  the 
future. 


c 


Chipttr  vn 


LESmMJTY  MID  THE  FIBURE 


nils  hlatorie«l  atudy  hM  raviaiMd  x«l«vant  aspacts  of  tha 
ralatioMhlp  batwaan  v^opona  lathality  and  Military  doetrina  in 
ordar  t^.  diatill  from  axparianea  tfiadOM  that  would  ba  uaaful 
to  thoaa  ooncantad  with  tactical  and  organisational  planning  for 
tha  futura.  Such  a  atudy  would  ba  inecnplata,  howavar«  if  it 
did  not  indicata  how  at  laaat  aona  of  the  tranda  which  hava  baan 
notad  ara  likaly  to  affaot  warfara  in  tha  futura,  tranda  ifdoh 
could  ba  ovarlookad  unleas  attantion  ia  drawn  to  than  diractly. 

Tha  task  of  aalaction  and  eonaolidation  of  tha  noat  aignifi- 
cant  nattara  for  incluaion  in  thia  chaptar  ia  difficult,  ainea 
ao  Much  of  tha  natarial  in  tha  analytical  atudiaa  haa  direct 
ralavanoa  to  aodam  doctrinal  and  organisational  problana. 
Tharafora  racipianta  ara  urged  to  look  at  tiha  anR?xaa  bacauaa 
of  additional  insighta  which  titay  contain* 


Problaaia  of  Military  Behavior 

Tha  aurvay  of  national  and  ethnic  reactions  to  weapon 
lathality  (knnax  has  daiaonstratad  that  there  is  insuffi** 

oiant  avidanea  ourrantly  available  regarding  these  things  upon 
which  to  base  sound  eonclusibna.  Yet  tha  increasing  lathality 
of  weaponry  aakaa  it  axtranaly  inportant  for  ua  to  know  all 
that  we  can  about  ^  past  Military  behavior  or  our  friends  and 
proapaetiva  foaa—aa  wall  as  of  ourselves— if  we  ara  to  plan 
adMiataly  for  different  aventualitiaa  in  tha  event  of  futura 
warr*0 


^  Though  not  diractly  relevant  to  our  study,  there  ia 
reason  to  ^sliava  that  our  national  traits  haapar  ua  axcaedin^ly 
in  guerrilla  war,  w*iera  weapons  are  of  a  lower  order  of  lathalit}>. 

c 


( ) 


W*  of  courto^  dMw  31  of  qMlto  fMONl  ooneliisiotM 

on  allltaxy  bohavlor  item  tbm  hittorloal  >K>wHao«  Mvionod  in 
this  study.  For  Instane*  ut  should  MOognlM  ttitt  tho  vtoesst 
of  killing  in  war  is  not  undortaksn  friaari]^  for  tho  furpoao 
■ardly  of  olininating  a  dangoreua  anaaig}  far  smM  ioFOrtant  is 
tho  dsnoraliaation  of  titoso  who  survivo.  This  has  boon  truo  ovor 
tho  esnturios  and  rsaudna  trua  ovsn  for  nodom  "stratogio”  air 
war. 

It  is  svidont,  also*  that  largo  nuaibors  of  siOk  and  woundod 
advorsoly  affoot  tho  noralo  of  a  sdlitacy  force}  oonvalosconts 
aro  particularly  vulnorablo  to  payoholot^oal  influanoos.  Ob¬ 
viously  thoro  is  groat  noral  sigi^loanoo  to  tho  unfaailiar>  the 
unknown,  and  the  unsoon  i:*.  war}  this  has  Midi  to  do  with  tho 
gonoral  reaction  to  tho  possible  saplcyaMnt  of  poison  gas  in  war, 
as  well  as  to  tho  iaplications  of  nueloor  radiation. 

Yet,  iM  do  not  understand  those  things  well  enough,  despite 
tho  considorablo  woik  that  has  boon  done  on  psycholos^oal  warfare 
(nostly  in.tho  pressures  of  conflict  in  World  War  I  and  World 
War  n} .  It  will  always  bo  inportant  to  ■s'tntain  the  highest 
possible  noralo  in  one’s  own  forces,  whili~agtenpting  to  break 
down  tho  onsoy’s  will.  What  is  needed  for  this  purpose  is  careful 
study,  based  on  experience,  of  the  national-cultural  aspects  of 
nilitazy  behavior}  of  tiie  possible  iaplioations  of  differing 
ethnic  reactions  to  weapons  and  weapon  effects}  of  the  differences 
that  nay  exist  in  the  breaking  points  of  different  cultures,  and 
the  like.  In  the  ei^loration  of  these  nattws  nilitary  statis¬ 
tics,  as  well  as  qualitative  historical  evaluations,  will  be 
isportant;  but  the  historian  will  then  hSve  to  analyse  these  sta¬ 
tistics  and  evaluattons  in  collaboratioh  with  the  anthropologist, 
the  psychologist,  and  the  sociologist. 


History  and  Tactical  Muclcar  War 


It  is  possible  to  look  imaginatively,  yet  with  historical 
perspective,  at  soeie  specific  aspects  of  the  waging  of  tactical 
nuclear  war  in  the  future.  Hiis  is  iaportant  since  there  has 
been  a  tenden^  on  die  pa^  of  naiy— civilian  scholars  as  well 
as  military  men— to  call  tpon  military  history  to  support  various 
—and  soiMtlmes  conflict;.ng—  ippraisals.  The  most  coenon,  per¬ 
haps,  is  tha  contention  that  nuclear  weapons,  for  all  of  their 
'  awesome  power,  im  merely  the  latest  of  a  series  of  awe-inspiring 
weapons  diloh  msh  haveijeen  producing  for  centuries.  We  are  often 
rominded  that  a  13th-Century  papal  edict  declared  the  crossbow  to 


46 


'O 


b«  an  "Inhunan"  weapon,  and  K'  led  its  use  against  Ctoistians. 

Our  attention  is  also  drawn  to  the  early  20th  Century  pre¬ 
dictions  that  the  machine  gun  and  higd^  explosives  had  made  «Mr 
so  deadly  as  to  be  imr-^sslble.  Human  ingeroiity,  we  are  told, 
has  al%Mys  found  a  way  to  control,  and  to  cope  with,  the  dead¬ 
liest  of  new  weapons. 

The  historical  references  are  correct.  Their  relevance 
to  the  utillsatim  of  nuclear  weapons  in  future  warfare  is 
less  certain.  This  relevance  depends  on  the  validity  of  an  un¬ 
stated  assumption  tihat  there,  is  an  established  law  of  nature 
rogardijig  weap<xis,  tdiich  applies  to  all  implements  of  destruc¬ 
tion,  no  luatter  v^t  tlwix'  power  may  bo. 

Yet  there  is  nothing  in  history  to  assure  us  that  there  is 
an  immutable  law  of  nature  which  applies  to  weapons.  It  is  xtot 
correct  to  assume— as  mai^  do— that  there  has  been  a  continuum 
of  weapons  and  weap(»\  effects  in  history.  There  have,  in  fact, 
been  a  number  of  discontinuities,  discussed  in  sosm  detail  in 
this  report  and  its  supporting  papers.  There  have  been  similari¬ 
ties  among  these  discontinuities,  but  there  have 'been  substantial 
diffex-ences  as  well. 

The  historian,  lotdcing  back  over  the  record  of  past  ages, 
is  likely  to  feel  intuitively  that  man  will  soeiahow  or  other 
lean  to  control  this  new  wei^on*  and  to  use  it  in  war,  as  he 
has  done  with  other  weapons  in  the  past.  Yet  he  also  t.  tes 
a  discontinuity  of  unprecedented  majpttitude.  And,  if  he  has  any 
knowledge  of'Udlitary. affairs,  he  cannot  avoid  seeing  unsolved 
problems  in  the  r  >''.ovment  of  tactical  nuclear  weapons,  problems 
«dilch  could  conce^  y  remain  unsolved  so  far  as  tra^tional 

patterns  of  land  \  .re— or  anything  like  such  patterns— are 

concerned. 

Despite  continuing  efforts  by  soeie  indaviduals,  the  histor¬ 
ian  ccuuiot  prove  from  histo:^'  that  there  are,  or  are  not,  solu¬ 
tions  to  all  of  the  problems  of  employment  of  tactical  nuclear 
weapons;  he  cannot  prove  that  sustained  tactical  nuclear  warfare 
is  either  feasible  or  unfeasible.  NOr  can  he  do  sK>re  than  venture 
a  guess  as  to  the  outcome  if  two  powers  were  to  initiate  tactical 
nuclear  (derations,  only  to  discover  that  continuation  of  the 
operations  is  impossible,  due  to  inability  of  the  coi^licting  • 
forces  to  fight  and  survive  in  a  nuclear  environment. <1  A 


This  term  requires  further  investigation  and  definition. 
For  our  purposes,  it  is  assumed  to  be  a  physical  and  military 
environment  idtich  tiould  be  created  by  consistent  and  systematic 

47 


o 


knowltdgt  of  nucltar  twas^ons  pvovi^.dS  *  basis  for' analysis  which  can 
merely  suggest  that  tactical  nuclear  warfare  will  be  difficult  in 
the  extrssM  and,  if  feasible,  will  be  far  different  from  any  Kind 
of  warfare  man  has  ever  Known. 

This  would  not  jt«stify  a  conclusion  that  tactical  nuclear 
warfare  is  ia|>ossible,  or  that  it  will  be  avoided  by  the  powers 
because  its  problems  seem  unsolvable,or  that  initiation  of  a 
tactical  nuclear  war  will  inevitably  result  in  escalation  to 
general  nuclear  %far.  Any  one  of  such  conclusions  might  prove 
right  at  some  indefinable  future  time,  but  this  we  can  never  Know 
until  or  unless  the  time  cones;  the  authors  of  this  report  are 
neither  seers  nor  prophets. 

There  is  evidence  upon  tdiich  to  base  a  conclusion,  however, 
that  a  number  of  things  srill  have  to  be  done  before  sustain^ 
tactical  nuclear  operations  are  liKely  to  be  feasible.  It  is 
even  possible  that,  despite  the  most  Intensive  possible  efforts, 
such  feasibility  cannot  be  achieved.  Nevertheless,  regardless  of 
difficulties  and  ijivlications,  these  things,  must  be  attee^ted 
lest,  in  the  words  of  Clausewits,  **soaie  one  stMs  in  wit^  a  sword 
that  is  sfuurp  and  lops  off  the  arm  of  our  bod^." 

For  the  foreseeable  future  a  nuclear  c^ability  alone,  with* 
out  a  conventional  capability  as  well,  is  liKely  to  be  disastrous. 
And  in  order  to  assure  compatibility  between  these  capabilities, 
there  is  need  for  radically  nrw  a^roaches  in  the  design  of  we^- 
oniy  and  equipaMnt.  This  is  particularly  true  in  the  logistical 
field,  idtere  some  vulnerabilities  now  appear  almost  Insurmountable. 

This  studly  has,  we  believe,  provided  a  tesis  for  underta'’ing 
serious  and  profitable  analysis  of  one  of  the  problems  of  tacvjical 
nuclear  warfare;  the  relationship  of  weapon  lethality  to  disper* 
Sion  and  in  turn  to  the  deployment  and  commitment  of  reserves. 

One  test  of  the  viability  of  current  organisations  and  operational 
concepts,  or  of  those  under  stud^  by  AVTAC  or  other  agencies, 
could  be  tlM  application  of  the  considerations  discussed  in 
Chipter  VI  of  this  report,  and  in  Part  Three  of  Annex  m-H.  It 
mi(^  be  ascertained  in  some  instances,  for  instance,  that  the 
indicated  dispersal  of  forces  would  have  to  be  so  grMt  that  they 
would  be  relativ^y  ineffective.  VRiile  this  would  not  necessarily 
be  a  conclusive  test,  it?  results  should  be  very  useful  for  pur¬ 
poses  of  planning  and  evaluation. 


use  of  tactical  nuclear  weapons  as  the  principal  determinants  of 
the  outcosw  of  a  major  ground. engagement. 
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This  study  has  also  Tevefi/rd  the  used  for  urgent  exami¬ 
nation  of  three  es3«i\tial  huf.ian  considerations,  which  may  take 
precedence  over  many  in^ortant  doctrinal  and  material  re<^uire“ 
ments.  First  of  tlwse  is  morale.  The  problems  of  maintaining 
morale  in  a  tactical  nuclear  envlronniont  will  be  staggering, 
and  without  morale  there  cannot  be  effective  combat  capability. 
Second,  and  contribut:U\g  also  to  the  first,  is  survivab^l^. 
Neither  men  nor  their  equipment  can  be  considered  e^qpend^le  in 
modem  society  as  once  they  were,  and  proper  protection  for  both 
in  a  nuclear  environment  will  be  very  difficult.  Third  is 
leadership.  No  less  than  formerly,  trained  leadership  is 
essential  in  battle.  In  aiy  future  war  the  problems  of  command 
and  control  will  be  greater  than  in  the  past,  need  for  initiative 
will  be  more  pronounoM;  and  yet  inhibitions  on  IndependJjit 
decisions  will  be  more  restrictive;  battlefield  emergencies  in 
nuclear  war  will  not  be  solvable  by  technical  devices  or  routine 
operating  procedures. 

We  urge  that  these  three  matters  receive  early,  objective, 
and  thorough  consideration. 
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Chi^ttr  Vni 

OMICLUSlDItS  MID  MOOMHENDROTONS 


Conclusions 
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1,  Prior  to  ths  dtvslopsMtnt  of  nuclear  tMapons,  there 
were  three  major  advances  in  weapon  lethality  which  created 
significant  discontinuities  in  military  tactics  and  organization: 
(a)  the  adoption  of  gunpowder  %M«$ons;  (b)  the  introducti^  of 
t>ie  rifled  musket  with  a  cylindro-conoidal  bullet;  and  (c)  the 
combined  impact  of  automatic  weapons  and  high  ejplosives  on  the 
battlefield. 

2,  The  individual  soldier  has  become  increasingly  independ¬ 
ent  in  con^t;  this  in  turn  has  not  only  called  for  improved 
tzminingf  discipline,  motivation,  and  coordination,  it  has  also 
requir^  fostering  improvement  in  intelligence,  initiative,  and 
judgment  on  the  part  of  each  individual  at  lower  levels. 

3,  The  process  of  doctrinal  assimilation  of  new  weapons 
into  coepatible  tactical  and  organizational  systems  has  proven 
much  more  significant  than  invention  of  a  weapon,  or  adoption  o. 
a  prototype,  regardless  of  the  dimensions  of  the  advance  in 
lethality. 

a.  Assimilation  of  a  significant  increase  in  lethality  has 
generally  been  marked  by  dispersion,  thus  reducing  the  maibcr 
of  people 'exposed  to  the  new  weapon  in  the  en^^s  hand}  by 
giving  greater  freedom  of  maneuver}  and  by  improving  tdte 
cooperation  between  the  different  arms  and  servloee. 

5;  The  pace  of  military  invention,  in  devslopmwit  of  neg 
and'  improved  weapon*;,  has  generally  followed  tiiat  of  ttie  aeeaimr- 
ating  pace  of  the  Industrial  Revolution,  with  the  raamlt  tfiat 
interval  from  conception  of  a  new  or  radically  modified  wospoi., 
to  the  time  of  adc-'tion  of  a  workable  prototype  has  generaUy 
been  growing  shorter. 


6.  In  modern  times  new  and  r<.-'  *cally  improved  we^ons  have 
been  appearing  in  groins  some  15  to  20  years  following  major  warsj 
this  time  lag  is  partly  due  to  budgetary  and  stoclcpile  considera¬ 
tions;  it  is  also  due  in  large  measure  to  the  satisfaction  of 
wartime  leaders  with  the  weapons  and  methods  which  thv  bacame 
familiar  with  in  combat^  with  consequent  lack  of  interest  in  new 
developments  until  a  new  generation  of  leaders  appear.^^ 

7.  In  modern  times— and  to  some  extent  in  earlier  eras— 
there  has  been  an  Interval  of  approximately  20  years  betwen  to- 
troduction  and  assimilation  of  new  weapons  into  coepatible  mili¬ 
tary  systems;  this  time  lag  is  in  part  duo  to  the  leadership 
problem  noted  above;  it  is  significant  that>  despite  the  rising 
tenpo  of  invention,  this  time  lag  has  remained  relatively  constant, 
including  current  efforts  to  assimilate  tactical  nuclear  weapons 
into  US  Amy  doctrine. 

8.  The  criteria  for  the  assimilation  of  new  or  greatly 
modified  weapons  are: 

a.  Confident  employment  in  accordance  with  a  doctrine 
assuring  compatible  coordination  with  other  weapons; 

b.  Consistently  effective,  flexible  use  in  offensive 
warfare,  permitting  full  enpioyment  of  advantages  of  superior 
leadership  and/or  resources; 

c.  Doctrinal  capability  for  dealing  effectively  with 
anticipated  and  unanticipated  countermeasures;  and 

d.  Decline  in  casualties  for  the  employers  of  the 
weapon,  often  combined  with  a  capability  for  inflicting  dispropor¬ 
tionately  heavy  losses  on  an  emeny. 

9.  The  pre-conditions  for  assimilation  have  been: 

a.  Imaginative,  competent,  knowledgeable  leadership; 

b.  Effective  coordination  of  a  nation’s  economic,  tedi- 
nological-scientific,  and  military  resources; 

c.  Opportunity  for  evalue’’ion  and  analysis  of  battle¬ 
field  experience. 


22  For  significant  exception  to  this  gener^a  rule,  see 
Annex  III-I, 


10.  For  the  mid-20th  C<»nt»:?w  no  way  has 
Ji-jaure  the  first  of  the  above-i*.  e-conditions,  or  to  permit  the 

last  in  peacetime;  the  second  of  these,  ^°"®^“»_®?L5L*exist- 
if  the  following  institutional  arrangements  and  policies  exist. 

a.  Industrial  nr  development^  rese^  institutions, 
basic  research  institutions,  general  and 

siraffs  and  their  supporting  agencies,  together  with  admtoistta 
?SrltJSng2leSs  linklnTthese  ^ith  one  another  and  with 
the  top  decision-making  echelons  of  government. 

b.  Conduct  of  research,  developmental  ^d  , 

activities  by  these  bodies  through  mutually  ’  ^ 

nroeedures  so  that  their  personnel  can  communicate,  can  be 
mutually  supporting,  and  can  evaluate  each  other  s  results,  an 

c  Direction  of  the  efforts  of  these  institutions— 
in  all  matters  relating  to  weaponry  and  doctrine  toward  a  common 
and  clearly  defined  goal. 

11.  There  are  indications  that  the  devel<^ment  of 

native,  co^etent,  knowledgeable  military  leadership  cm  ^  ■ 

msSJd,  o7at  lelist  enh^ed,  by  an  Intensive  ®«o't  to  ^yze 
the  cauMS  and  essential  nature  of  military  creativi^,  ^ 
develop  presumably  achievable  means  for  stimulating  ^ 

such  Nativity  and  for  elimination  or  suppression  of  whe  Inn-oi 
tlons  to  such  creativity. 

12.  Consistent  leadership  in  producing 
innovations  in  the  modem  world  is  not 

tlon  of  some  racial  military  aptitude  but  is  «  SJtlook 

administration  which  shares  the  rational  md  scientific  outlwk 
in  coinnon  with  supporting  research  and  industrial  institutions. 

13.  Prussian-German  pre-eminence  in  military 

the  century  from  1841  to  1941  was  due  in  large  part  to  realiza¬ 
tion  by  Prussia  and  Germany,  before  other  nations,  thac  ™® 
IndusSflal  Revolution  required  a  systematic. 
tion  of  weapons  and  doctrine  along  the  ^®*  *“^*®^^their 
elusions  9  wd  10  above;  this  organization, -built 

?eLS  kff,  also  persSted  them  «  ex^it  f^y  arni 
pr<itly  their  own  battlefield  experience  and  of 
the  results  crave  Geimany  significant^  and  in  some  instances 
decisive  military  advantages  over  other  nations ^  or  numerical i  * 

of  rSion.  which  Iwwl  coward^  or  supoi..,. 

scientific  and  ted'nical  capabilities. 


14.  There  is  an  Indication  that  a  technological  break¬ 
through  can  be  expected  in  the  '  uture  which  may  permit— in  .. 
peacetime— true  battlefield  testing  essential  for  assimilation. 

15.  Pending  achievement  of  this  breakthrough,  the  accel¬ 
erating  tempo  of  technology  is  placing  pressures  on  the  military 
to  make  sweepincf  changes  in  weaponry  and  tactics  without  the 
hattlefield  testing  which  in  the  past  has  been  essential  for 
assimilation. 

16.  Save  for  the  recent,  significant  exception  of  strategic 
nuclear  weapons,  there  have  been  no  historical  instances  in  which 
new  and  more  lethal  weapons  have,  of  themselves,  altered  the  con¬ 
duct  of  war  or  the  balance  of  power  until  they  have  been  incorpo¬ 
rate  into  a  new  tactical  tyotam  exploiting  their  lethality  and 
permitting  their  coordination  with  other  weapons;  the  full  sig¬ 
nificance  of  this  one  excq>tion  is  not  yet  clear,  since  the 
changes  it  has  caused  in  warfare  and  the  influence  it  has  exerted 
on  international  relations  have  yet  to  be  tested  in  war. 

17.  Until  the  present  time,  the  application  of  sound,  Imagi-  - 
native  thinking  to  the  problems  of  warfare  (on  either  an  individ¬ 
ual  or .institutional  basis)  have  been  more  significant  than  ai^ 
new  %feapon;  such  thinking  is  necessary  to  real  assimilation  of 
weaponry;  it  can  also  alter  the  course  of  human  affairs  «rithout 
new  weapons. 

18.  Theoretical,  quantified,  lethality  indices,  applicable 
to  all  weapons,  can  be  derived  by  applying  to  the  characteristics 
of  a  weapon  the  factors  of  rate  of  ^e,  number  of  targets  per 
strike,  relative  incapacitating  effect  per  strike,  effective  range, 
accuracy,  reliability,  battlefield  mobility  (where  applicable), 
and  fighting  machine  capability  (where  applicable). 

19.  Theoretical  lethality  indices  appear  to  provide  a  basis 
for  (a)  selecting  significant  weapons  developments  in  history  for 
special  anrlysis  and  (b)  relating  weapon  lethality  to  tactical 
dispersion  and  mobill^  for  analj^ical  purposes. 

20.  There  is  a  serious  and' major  requirement  for  intensive 
collection,  collation,  and  analysis  of  military  statistics,  to 
put  to  use  the  great  mass  of  experimental  data  which  has  been 
generally  neglected, 

21.  Relationships  between  lethality,  dispersion,  and  the 
mobility  of  reserves,  as  developed  in  this  study,  may  prove  useful 
in  testing  the  possible  iAttlefield  viability  of  current  or  pro¬ 
posed  organisation  and  doctrine  of  tactical  nuclear  combat  forces. 
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22  The  assimilation  oi  ♦  -cical  nuclear  weapons  into  a 
viable  military  doctrine  poses 

three  major  human  issues  require  the  most  urgent  attention, 
morale,  Lrvivabillty,  and  leadership  in  the  environment  of  a 
nuclear  battlefield. 

23  There  is  need  for  further  investigation  of  psychologi- 
Cl  ^liueS  in  ««.  of  the  pet  to  pro.!*  meijMe  tg.~»nt 
to  likely  military  behavior  of  different  national  and  ethnic 
groups  in  warfare  of  the  future. 

24.  There  is  need  for  carefully  developed 

grams  to  foster  the  ur ’.^standing  and  °^_^SStiS5riSd 

the  mid-range  personnej.  of  the  many  special^ed  institutions  ana 

professions  now  concerned  with  preparation  tor  war. 

Recommendations 

1.  There  should  be  a  coii5>rehensive  review  of 

Army  methods,  procedures,  and  organizations  related  to  one 
d^opment  of  tactics,  organization,  and 

tion  of  new  and  prospect:.ve  ^existing 

on  budgets,  institutional  arrangements, 

SSans,^d*the  development  of  new  me«s  to  assuM  the  most 
adequate  possible  testing  and  evaluation  in  peace  and  in  war. 

2.  Means  of  fostering  military  creativity  should  be 
explored. 

3.  The  learning  process  in  the  armed  forces  should  be 
criticaUy  examined,  subjected  to  systeiw  analysis, 

to  ensure  that  it  will  continuaUy  acquire,  P^®*®»  * 

trieve,  analyze,  and  publish  data  and  conclusi^ 
combat  effectiveness,  and  that  this  data  wall  then  P'®®®"^^ 
in  timely  fashion  to  the  appropriate  staffs  and  commanders,  ac 

all  levels. 

4.  Basic  research  <n  the  related  processes  of  the  ^ven- 
tion  of  weapons,  their  adoption, 

changes  in  tactics,  organization,  and  doettine,  is 
Authoritative  studies  of  the  actual  functioning  °f^^® 

General  Staff,  for  example,  are  not  to  be  fou^  ^tleS 
key  factor  in  the  development  of  ii^ern  mlUta^ 
histories  in  sdiolarly  monograph  fom 

innovations  and  increases  in  lethality  cf  weapons  %»ould  proy- 
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material  for  analysis  in  depth  &r.A  ^.ter  reconmendations  in 
regard  to  US  policies  arid  Institutions. 


t  } 

.  A 


5.  The  US  Amy  should  encourage  research  into  the  history, 
economics,  and  sociology  of  military  staffs  and  institutions  as 
it  now  encourages  research  in  the  natural  sciences. 

6.  A  research  program  should  be  undertaken  leading  to 
improved  utilisati(m  of  quantified  or  quantifiable  isilitary 
e)9erienee  and  statistics,  and  to  include  exploration  of  new 
vistas  in  quantification  revealed  in  this  stixiy. 

7.  Studies  should  be  made  of  the  major  human  factors  in 
future  %Mir,  with  particula'^  emphasis  on  the  problems  of  morale, 
survivability,  and  leadership  in  the  environment  of  the  tactical 
nuclear  battlefield. 

8.  Intensive  interdisciplinary  investigation  should  be 
undertaken  of  the  cultural  aspects  of  military  behavior,  and 
particularly  the  military  effect  of  psychological  influences  on 
different  national  and  ethnic  grouqps. 

9.  Educational  programs  should  be  prepared— if  possible  onv 
an  Intersorvlce  national  basis— to  foster  closer  understanding 
and  better  transfer  of  ideas  between  mid-range  personnel  of  the 
maiy  specialized  institutions  and  px-oroeelons— military  and  oivil- 
iaiv*-}K3w  cuncex’iied  with  preparation  for  war. 
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Appendix  A 

naMCT  FMM  8TUW  PIRECTIVE  FOR  Sflpr 

In  Hlatorieel  Anelvle  of  Trende  in  Mllltagy 
OgganlMtion  and  Teetlcs  as 
Weeocn  Lethality  Hat  Iner— »ed" 


CfWMt 

A  etudy  to  Identify  and  analyze  critical  relationships 
end  Idle  cause-effect  aspects  of  major  advances,  in  the 
Isttiallty  of  sfeapons  and  associated  changes  in  tactics  and 
ocfstilsatlan. 


Objective  and  Scope 

To  derive  from  study  and  analysis  of  history  tiie  charac¬ 
teristics  of  the  interplay  among  major  elements-  of  military 
power.  Study  Should  cover  the  period  from  Roman  times  to  the 
present  and  should  focus  on  cause,  effect,  and  character  of 
great  advances  in  weapem  lethality.  Analysis  should  identify 
the  origins  of  major  increases  in  lethality;  the  time  lag  be¬ 
tween  discovery  of  means  and  development  of  effective  methods 
of  employment;  the  impact,  where  possible,  on  the  existing 
balar.ca  of  power;  and  the  quantification  of  increases  in 
lethality,  idiere  feasible. 


Guidance 


t 


a.  Study  should  be  concise  and  oriented  toward  the  spe¬ 
cific  areas  of  lnqui:;y  indicated  in  the  scope.  Descriptive 
narrative  should  be  detailed  enough  to  establish  clearly  the 
basis  for  analysis  but  should  be  limited  to  an  account  of 
events,  activities,  and  results  directly  pertinent  to  the  re¬ 
lationships  under  examination. 
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b.  Changes  such  as  the  lengLlier- 'iig  (or  shortening)  of 
swords,  variations  in  propelled  weapons,  the  use  of  gunpowder 
and  fire  weapons,  major  improvements  In  hand  weapons  (rifling, 
breech-loading,  etc.),  increases  in  rates  of  fire  (the  machine 
gun) ,  and  in  terminal  lethality  (HE)  plus  chemical  weapons 
should  be  included. 

c.  The  identity  of  the  origin  of  major  advances  ta 
lethality  (nation,  organization.  Individual)  and  the  time  lapse 
between  discovery  or  development  of  the  means  and  t^e  ai^lica- 
tion  (know-how)  of  the  means  of  weaponry  should  be  established. 

d.  For  each  major  advance  in  lethality  of  weapons,  the 
time  lag  between  the  Invention  of  the  means  and  the  development 
of  effective  methods  for  applying  those  means  for  military  pur¬ 
poses  should  be  determined. 

e.  Instances  vihere  the  reco^ized  need  for  changed  methods 
of  operation  gave  rise  to  development  of  increaised  lethality 
should  be  cited  and  analyzed.  Of  related  interest  are  the  cases 
in  which  improved  or  radically  new  methods  of  employing  weapons 
whi^  were  generally  known  and  available  were  responsible  for 
major  victories  or  defeats. 

f.  Study  should  Include  information  as  to  how  and  by  whom 
new  concepts  of  employment  were  developed.  Were  they  developed 
by  the  military  or  by  others?  Were  they  developed  in  school  en¬ 
vironments,  in  staff  organizations,  or  in  tdie  field?  Were  tdiey 
develop^  prior  to  the  onset  of  war  or  during  the  war? 

g.  Quantificatim  of  study  results  is  desired.  Wiis  might 
be  expressed  in  terms  of  increased  casualty  rates  or  in  the  in¬ 
creased  range  at  which  battles  were  fou_ht  or  in  terms  of  in¬ 
creased  dispersion  of  forweuc^  forces  which  v;as  forced  by  the 
increased  lethality  of  weapons. 
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Appendix  B 


PBTATEP  TO  WEAPON  LETHALITY 


Basle  Historical  and  Analytic  Studies 


CONTOIBt'rrOMS  AND  COMlfOBUlXia 


Rothanberg 

Starr 

Rothenberg 
Hayes 
Starr 
Onacewicz 
Hayes 
Paret 
Hayes  and 
T.N.  Dupuy 
Hayes  and 
T.N.  Dupuy 


»CE  Qg  mSCLE 
Title 

Individual  weapons  of  the  Age 
of  Muscle 

The  sword  and  other  weapons  of 
the  Age  of  Muscle 

Group  weapons  of  the  Age  of  Muscle 

The  Macedonian  phalanx 

The  Roman  legion 

Armored  cavalry  systems 

Mongol  cavalry  system 

Swiss  phalangial  column  system 

Rise  of  Infantry,  the  crossbow 

The  English  longbow  tactical 
system 


Page.-iAngth 


SRR  OP  GUNPOWDER 


Title 


Rothenberg  Individual  weapons  of  the  Age 
of  Gunpowder 

Rothenberg  Group  weapons  of  the  Age  of 
Gunpowder 


Paae-leng 


Leighton 

Morton 


88 
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Rothenberg 

Paret 

Sunderland 


Introduction  of  gun.  •  v;.  '^r 
Development  of  tactica  in  the  17th 
and  18th  Centuries 
Light  infantry  concept 
Columnar  tactical  systems 
Massed  mobile  artillery 


97 

25 

7 
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AGE  OP  maiNOLQGICAL  DIMOVATION 


Name 

Title 

Paae-lenc 

Johnson 

Development  cf  email  arms  and 

506 

automatic  weapons,  1850-1960 

Mnoick 

The  rocket  launcher 

3 

Mesick 

Tube  artillery 

28 

T.N.  Dupuy 

Development  dt  coe8>at  aircraft  to 

12 

support  ground  combat 

Mesick 

The  tank 

10 

Sunderland ' 

The  flame  thrower 

3 

Mesick 

Rocket-type  missiles 

10 

Reinhardt 

Nuclear  weapons 

10 

Sunderland 

Land  mines 

2 

Reinhardt 

Antipersonnel  mines 

15 

Reinhardt 

Non-explosive  weapons 

9 

Onacewicz 

19th  Century  combined  arms  divi- 

sional  systems,  1796-1845; 

36 

1879-1900 

Andrews 

19th  Century  combined  arms  divi- 

sional  systems,  1845-1878 

21 

Andrews 

German  innovation  of  combat  team  in  WWI  10 

Andrews 

The  German  armored  division  of  1940 

21 

Andrews 

The  German  airborne  task  force 

13 

Marshall 

Origins  of  modern  fire  power 

8 

Marshall 

Allied  amphibious  operation  in  WWII 

31 

nupp  and  Shaw 

Intersexvice  joint  operation  task 

forces 

48 

Ropp 

Innovations  in  land  warfare 

12 

Shaw 

Development  of  an^ibious  warfare, 
combat  teamj,  and  task  force 

organi  rations 

17 
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TECHNOLOGY  AND  Wi5y.?Q>?r  DEVELOHgaiT  IN  HISTORY 
N^ul>e  Title  Paoe-lencfth 


Neslck 

Leighton 

GilfiUan 

Reinhardt 

Eaeum 


Metallurgy  and  metal  working 

Hetallur^,  chemistry,  ballistics 

Electronics 

Nuclear  science 

Logistics 


8 

68 

38 

6 

36 
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camninm  MaLvsrs  op  historical  siupies 


Name  Title  Pace-length 

Ropp  Analysis  of  effects  of  changes  in 

weapon  lethality  18 

Ropp  The  process  of  military  creativity  9 

Possony  Lethality  in  tactical  nuclear  warfare  16 

Possony  Lethality  in  strategic  nuclear 

warfare  12 

Possony  Norate,  national  psychology  and 

weapon  lethality  10 

GiltxUan  Development  of  numerical  planning 

factors  5 

Reinhardt  (R>servatlon8  on  quantification  6 

T.N.  Dupuy  Qqantiflcatlcn  of  factors  related 

to  weapon  lethality  52 

Sunderland  Lnpact  of  imginative  thinking  on 

and  military  organization  and 

T.N.  Dupuy  tactics  10 

Shaw  Effects  of  changes  in  organization 

and  tactics  on  effectiveness  of 
existing  weapons  7 

Onacpwics  Effects  of  titles  on  development 

of  weapons  15 

GilfiUan  Organization  for  development  of  new 

or  improved  weapons  ’  6 

R.E.  Dupuy  Development  of  the  105nm  howitzer  8 

Possony  Weapon  teJiality— ganeral  con- 

.  slderations  33 

T.N.  Dupuy  Distc'-'ted  historical  perspectives 

of  tactical  nuclear  warfare  20  . 
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Appendix  C»ADOPTnXI  AND  ASSIMILATION  OF  MAiTOR  ADVANCES'  IN  WHAPOW  LETHALITY 


7  ClrctJiMtences  of  Adoption  1 8  Circumstances  of  A^rinDation 


d  Early  effects  |  I  Id  Effect 
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Notts  to  Appendix  C 


a.  Rilates  to  field  artillery,  not  siegeciaft 

b.  Arquebus  was  a  development  from  early  hfoidgun 

c.  Note  later  refinements  by  Frederick  and  Gribeauval 

d.  Bayonet  permitted  complete  assimilation  of  gunpowder  weapons 

e.  Impetus  to  diapers?.! 

f .  Impetus  to  dispersal 

g.  Impetus  to  'dispersal 

h.  Required  dispersal 
1.  Required  dispersal 

j,  Mauser,  also  Mannlicher,  Lee,  Springfield 

k.  Non-nuclear  v«rtiead 
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Appendix  D 


ANCILLARV  TECHHOLOGICAL  DEVELOPMENTS 
AFFECTING  WEAPCTtS  LETHALITy 


Age  of  Muscle 


1.  Amor.  Prehistoric  men  protected  themselves  from  the 
blows  of  their  opponents  with  crude  shields  of  hide  and  then 
of  wood.  Rudimentary  armor  was  worn  by  soldiers  in  Egyptian 
and  Mesopotamian  amies,  reaching  a -new  sophistication  in 
Hellenistic  Greece  with  the  development  of  the  metallic  helmet, 
cuirass,  and  shield.  An  important  development  in  body  armor 
v;as  the  introduction  of  mail  early  in  the  Christian  era.  Hail 
continued  to  be  the  main  defense  of  the  body  and  limbs  through 
the  12th  and  13th  Centuries  until  the  14th  Century  when  plate 
armor  began  to  displace  mail.  Armor,  of  course,  was  intended 
to  inhibit  the  lethality  of  a  foe's  weapons,  while  its  protec¬ 
tion  provided  moral  encouragement  for  more  aggressive— and 
hopefully  more  lethal— employment  of  one's  own  weapons. 

2.  Stirrup.  Although  possibly  used  in  parts  of  Asia  as 
early  as  the  1st  Century  A.D. ,  the  stirrup  came  into  general 
use  in  Europe  during  the  6th  or  7th  Century.  Ihis  device  signi¬ 
ficantly  increased  (a)  the  lethality  of  the  lance  by  putting 
the  total  weight  of  horse  and  rider  behind  its  impact  and  (b) 
the  lethality  of  the  bow  and  the  sword,  by  giving  the  horseman 

a  secure  mounting  from  which  to  use  these  weapons. 

The  result  of  both  the  above  developments  was  a  system  of 
rmor^  cavalry  which  became  the  dominant  arm  in  Europe  for  the 
next  C30  years  until  the  successive  impacts  of  the  longbow  and 
the  Swiss  pike  were  felt. 
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3.  Stab^  gunoowier  (Corned  powder).  About  1450,  someone 
found  a  way  of  prepuing  gunpowder  so  t^at  it  retained  its  ex¬ 
plosive  qualities  and  did  not  separate  into  its  basic  ingredi¬ 
ents.  This  made  it  reliable  and  so  greatly  enhanced  its  effec- 
tlvcuiess. 

4.  Matchlock  mechanism.  In  the  ISth  Century,  the  Spanish 
developed  a  system  of  ignition  of  the  arquebus  which  made  igni¬ 
tion  a  more  secure  and  safe  process  and  which  permitted  the  user 
to  aim  while  firing,  thus  considerably  increasing  both  the 
accuracy  and  the  lethality  of  the  weapon. 

5.  Flintlock  Mechanism.  This  a  safer,  surer  and 
speedier  method  of  ignition  of  the  suisket  which  superseded  the 
matchlock  mechanism.  It  involved  basically  the  use  of  mechani¬ 
cal  devices  in  which  pyrite  or  flint  was  struck  against  steel 
to  produce  sparks  igniting  the  priming  powder  in  tiie  pen.  This 
development  Increased  the  effectiveness  of  the  mmeket  by  con¬ 
cealing  its  ignition  during  night  operations,  preventing  hasards 
to  the  individual,  permitting  operations  in  rain,  and  lessening 
delay  in  firing  when  attacked  by  surprise. 

6.  Iron  ramrod.  3Ki  the  early  part  of  the  litii  Osntnry, 
Frederick  wnHaal  of  Prussia  introdseed  an  iron  raavod  to  re¬ 
place  the  former  fragile  woodt  rsarsd.  ttm  mm  ImtSmmmt, 
when  exploited  by  training  (the  weapon  itself  kaiap  anchanisd) 
permitted  an  increase  in  tiie  evetepe  rote  of  fise  ef  the  Itas- 
sian  infantry  (from  trice  to  at  least  tbsee  tieos  e  adsafee). 


gin. 

of  the  railroad  and  the  loe 
large  masses  of  sMn  and  for 


^ot  mentioned  below,  bet 
military  capabilities  were  oud 
techniques  for  weapons  and  sail 
vances  in  medicine  and  erglaaei 


rates  of  fire  by  bringii^r  forward  ajnmunition  In  the  quantities 
these  weapons  ccu'ld*use.  Steam  i-.-iQv  aliso  permitted  mass  pro¬ 
duction  of  weapons  for  mass  armies. 

8.  Percussion  cap  (c.  3-815) .  In  the  early  19th  Century, 
the  percussion  cap,  intt^ucecl  by  eui  American,  Benjamin  Shaw, 
superseded  the  flintlock  mechanism.  In  addition  to  its  appli¬ 
cation  to  the  military  musket,  it  made  possible  the  invention 
in  1835  of  the  Colt  revolver. 

9.  Electronic  Communication.  In  the  mid-19th  Century 
electricity  first  made  possible  long-distance ,  instantaneous 
communication,  permitting  the  command  and  control  of  large 

„  'sses  of  men  in  combat. 

a.  The  telegraph  (c.  1840)  was  tiie  first  important 
manifestation  of  this  development.  Telegraph  was  used 
extensively  in  the  Civil  V/ar  for  strategic  and  tactical' 
direction  of  large  forces. 

b.  More  recently,  instantaneous  voice  transmission 
was  achieved  first  by  field  telephone,  first  used  on  a 
large  scale  in  VIorld  War  I,  primarily  for  artillery  com- 
T”nications,  in  transmission  of  firing  data  and  correc¬ 
tions  f:  an  artillery  observers  to  the  guns. 

c.  Voice  Radio  also  appeared  in  primitive  form  in 
World  War  I,  but  became  the  primary  means  of  strategic 
and  tactical  control  in  World  War  II.  It  supplemented 
the  telephone  and  replaced  it  entirely  in  operations  of 
highly  mobile  units  over  great  distances. 

10.  Barbed  Wire.  Originally  a  harmless  farming  device, 
barbed  wire  more  fully  exploits  the  lethality  of  automatic 
weapons  by  holding  their  targets  in  the  line  of  fire  and  by 
keeping  them  away  from  the  gun  and  its  crew.  It  was  first 
adapted  to  these  military  purposes  in  1874. 


11.  Smokeless  powder  (1885).  Because  it  permitted  users 
of  the  weapons  to  continue  to  see  their  targets  while  maintain¬ 
ing  a  steady  rate  of  fire,  -^ts  introduction- marked  a  signifi¬ 
cant  increase  in  the  lettiality  of  the  weapons,  which  also  be¬ 
came  less  vulnerable  to  countermeasures  since  their  concealment 
was  not  betrayed  by  smoxe. 
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12.  The  Internal  combtistion  ei'.  -  'ne.  Appearing  in  workable 
form  in  1887,  this  soon  afterward  made  possible  both  the  tank 
and  aircraft,  and  permitted  dramatic  new  concepts  of  warfare. 

By  propelling  trucks  anu  track-laying  vehicles  it  has  given 
both  road  and  cross-country  mobility  to  infantry,  artillery, 
and  supply  trains. 

13.  Recoil  mechanism,  quick-f^ina  artillery  (1890-1910) . 
Tlie  full  capabilities  of  breech- loading  cannon  eouloi  not  be  ex- 
ploited  until  means  had  been  found  for  the  carriage  to  absorb 
the  recoil,  so  that  the  cannon  did  not  have  to  be  man-handled 
back  into  place  and  re-laid  for  direction  and  range  after  each 
round.  When  this  was  accomplished  by  sophisticated  recoil 
mechanisms,  this  period  proauced  a  whole  family  of  cannon  marked 
by  long  range,  greater  accuracy,  and  (particularly)  greatly  in¬ 
creased  rates  of  fire.  Other  Improvements  in  heavy  ordnance 
construction  methods,  such  as  built-up  tubes,  also  contributed 
to  this  advance  in  artilJ^ry  lethality.  By  1914  this  signifi¬ 
cant  increase  in  lethality,  among  others,  contributed  to  rendvr- 
ing  linear  tactics  obsolete. 

14.  Observation  aircraft.  First  developed  in  1907,  but 
not  fully  exploited  until  Worild  War  I,  these  helped  reveal  tar¬ 
gets  (mainly  for  .artillery)  that  would  have  been  hidden  in  past 
years . 


15.  Photogrartiv.  In  conjunction  with  the  observation  air¬ 
craft,  the  camera,  another  development  of  the  technological  age, 
has  become  an  essential  means  of  target  acquisition,  primarily, 
although  not  solely,  through  air  photographs. 

16.  Radar.  In  essence,  this  electronic  device  sends  out 
impulses,  which  are  reflected  back  from  objects  in  the  air,  or 
projecting  above  the  surface  of  the  earth. 

a.  Defensive  use  (1938).  Radar  has  given  obseivers 
a  comoletely  n«-/  capability  in  acquiring  and  identifying 
targets  in  the  air,  on  the  ground,  and  on  the  surface  of 
the  sea;  this  in  turn  more  fully  exploits  the  lethality 

of  weapons  f  oi’  v;hich  they  are  observing.  Its  capabilities 
v;ere  first  understood  and  employed  by  the  British  in  their 
air  defense  system,  and  it  was  a  major  factor  in  their  de¬ 
cisive  victory  in  the  Battle  of  Britain  (1940). 

b.  Offensive  use  (1944) .  The  VT-fuze,  or  proximity 
fuze,  took  advantage  of  the  lad^r  principle'  to  permit  the 
detonation  of  a  high-explosive  shell  when  it  came  near  a 
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target.  Previously,  a  time-mechanism  fute  was  used  to 
detonate  shells  in  the  ’iir.  This  process  was  expensive, 
and  vjas  the  result  of  compxex  and  relatively  unreliable 
calculations.  Consequently  time  fuzes  were  only  margi¬ 
nally  effective  in  battle.  The  inclusion  of  a  tiny  radar 
set  in  a  fuze,  however,  caused  the  fuze  to  detonate  the 
shell  when  it  came  within  a  prescribed  distance  of  the 
earth,  or  of  an  object  projecting  above  the  earth,  or  of 
any  clearly  defined  object  in  the  air,  such  as  an  airplane. 
Thus  for  the  first  time,  the  maximum  lethal  potentialities 
of  high  explosive  could  be  achieved  against  any  target  if 
the  shell  were  aimed  to  pass  close  enough  to  it. 

17.  Inertial  and  Electronic  guidance.  These  are  methods 
of  guidance  or  navigation  to  provide  'accurnRy  in  direction  and 
range  for  long-range  ballistic  missiles. 
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Appendix  E— DEVELOPICNT  OF  MAJOR  ANCII-^ARY  TECHNICS/  DEVEIiOPKi; 
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3.  Corned  powder 

4.  Matchlock  Medianism 
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?♦  Percussion  Cap 

8.  Smokeless  Powder 

9.  Recoil  Systems 
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